VAN NOSTRAND’S 
ENGINEERING MAGAZINE. 


NO. CLXXXI.—JANUARY, 1884.—VOL. XXX. 








STRESSES IN BEAMS. 


By Pror. DEVOLSON WOOD. 


Contributed to VAN NostRANpD’s ENGINEERING MAGAZINE. 


Mr. D. H. Clark, in his Manual of spectively extended and compressed, 
Rules, Tables and Data, makes a state-|when the load is applied to the length 
ment in regard to the “ Theory of Flox-| 
ure,” which, in our opinion, ought not to 
go unnoticed. He is an authority of such 
high character that his statements on 
such problems are liable to be accepted 
without being questioned; and hence it 
is the more important that any error 
should be corrected. Assuming thst 
many of our readers have not the work | 
conveniently at hand, we make the fol- | 
lowing lengthy extract from pp. 504, 505, | ce’’ and dd.’’ If the members of the 
from the work above referred to, that| frame are placed parallel to each other 
the reader may the more conveniently get | in close contact, as in Fig 2, extension 
that author’s argument and statement as ; it 
presnted by himself: 

“These, the normal stresses or resist- 
ances due to the absolute horizontal com. | 
pression and extension of the beam are 
supplemented by diagonal resistances by | 
which each of them is augmented 75 per | 
cent. 
“To elucidate the origin of diagonal | 
resistance, it may be observed that the|/and compression take place as before. 
upper and lower portions of a beam—| Let now the two members be unitedjin 
above and below the neutral axis—may | the line nop, Fig. 3, and so consolidated 
be considered as two individual members |as to form a semi-beam; the extension 
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of a frame united at their surface of con- 
tact—the neutral one. Let cBd, Fig. 1, 
be a triangular frame fixed at ca and 
loaded at B. The , eces cc” and dd” of 
the upper and lower members are re- | 


Vor. XXX.—No. 1—1 


and the compression partially neutralize 
each other: at the neutral line nop, they 
are absolutely neutralized and the 
amounts of extension and of compression 
are represented by the triangles c’c’”’ o 
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aad dd” o. The structure is thus, in a 
certain sense, crippled, and the extension 
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and compression, instead of being recti- 
lineal, are curvilineal, and the semi-beam 
is deflected, as in Fig. 4. The counter- 
action here pointed out is necessarily ex- 





erted diagonally, at an angle of 45° with 
the neutral line; as in the line c’o’”, Fig. 
5, with the transverse section c’d’. 
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“In the intervention of the diagonal 
stress in deflected rectangular beams, ac- 
cording to the analysis in the text, is 
found the solution of the mystery of the 
‘resistance of flecture,’ which has been 
so denominated, and has been experi- 
mentally demonstrated by Mr. W H. 
Barlow. ‘lhe contrast between the ac- 
tion of the diagonal bracing of lattice 
girders, and that of the solid web of web 
girders, throws a flood of light on the 
recondite strains in webs and in solid 
beams.” 

‘The assertion that the “diagonal re- 





sistances’ augments the absolute hori- 
zontal compressions and extensions 75 
per cent., is entirely gratuitous. No 
argument is presented to support it. 
Every student of the flexure of beams 
knows wherein the difficulty lies. The 
computed value of the stress on the 
most remote elements of a beam at the 
instant of rupture. does not agree either 
with the tensile or compressive strength. 
If the tensile strength T of cast iron be 
15,000 pounds, per square inch, and the 
crushing strength C be 100,000 pounds, 
it will be found that the modulus of rup- 
ture R for beams will be some interme- 
diate value, say, about 35,000 pounds per 
square inch. ‘To account for this dis- 
crepancy, Barlow proposed his “ resist- 
ance of flexure” and made experiments 
upon beams of various forms, and with 
different materials, and many of the re- 
sults of which seemed to substantiate his 
theory. But certain elements of his the- 
ory are in direct conflict with well-es- 
tablished principles of statics, and it is 
certainly unsafe to hold to any theory, 
however plausible it may appear by itself, 
which violates other known laws. We 
will indicate these points. 

He assumed that the shearing stress 


| was uniformly distributed over the cross- 


section ; but for homogeneous materials, 
the theory shows that it is greatest at the 
neutral axis and zero at the upper and 
lower elements, as shown in the writer’s 
| Resistance of Materials, article 179, 
| where also the specific law for rectangu- 
| lar beams is deduced. In the light of this 
‘fact it cannot be claimed thot the shear- 
ing stress will be uniform over the cross- 
section. 

Again, it is well known in statics that 
a longitudinal shear is accompanied by an 
equal transverse shear at any point; just 
as one couple necessitates an opposite 
couple of equivaient moment to produce 
equilibrium. In case, then, there is no 
transverse shear there will be no longi- 
tudinal shear. Ifa beam be supported 
at its ends and loaded with two equal 
weights equidistant from the supports, 
there will be no transverse shear between 
the loaded points, for the algebraic sum 
of the loads on the middle portion will be 
zero. But Barlow assumed that shear 
exists wherever there is bending, and 
hence, in this case, is in direct violation 
of established principles. We are not 
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aware that any experiments have been 
made under these conditions for the pur- 
pose of testing theory. 

Again, he asswmed that the ultimate 
“ resistance of flexure” varied directly as 
the ultimate stress on the remote ele- 
ments. According to his experiments, it 
nearly equals ¢ (the tenacity) for cast 
iron, and about 4¢ for wrought iron. 
Also that this resistance was due to the 
difference in the elongation of contiguous 
fibers. But these principles appear to be 
in conflict since the value of ¢ is abso- 
lute, and a deep beam will not be bent so 
much at the point of rupture as a more 
shallow one, and hence the relative elon- 
gations will be less in the former than in 
the latter case. 

The remark of Mr. Clark, in the last 
sentence above quoted, does not remove 
the diffienlty. Even admitting that the 
combined transverse shear and longitudi- 
nal pull produces an oblique stress, it 
does not follow that the latter will pass 
in a right line from the surface to the 
neutral axis, as illustrated in Fig. 5; and 
even if it did, we fail to find how it could 
reinforce the tensile resistance 75 per 
cent. Every computer of a truss bridge 
assumes that when the stress on the 
lower chord exceeds its tensile strength, 
the bridge will fail. He does not pre- 
sume to add anything to the strength of 
the chords on account of the diagonal 
bracing. Again, admitting that the longi- 
tudinal puil and transverse shear pro- 
duces a diagonal resultant, it follows that 
the direction of the resultant will be 
nearly p2rallel to the surface of the beam 
at the outer elements, since the trans 
verse shear is very small in that vicinity, 
and the direct pull the greatest, and will 
be the diagonal of a square only on the 
neutral axis, where the only forces are 
equal rectangular shears. 
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= The direction of the resultant stresses 
will be tangent to the lines in Fig. 6 at 
any point. 

But a closer examination of Barlow's 





theory fails to indicate how the diagonal 
stresses are produced in accordance with 
it. Barlow seemed to consider that his 
“ Resistance to Flexure” was caused by 
a longitudinal force, or shear, acting be- 
tween contiguous elements unequally 
elongated, and if this view be correct, it 
is not easy to see how a diagonal result- 
ant can be found, much less the grounds 
for the assertion that “the counteraction 
here pointed out is necessarily exerted 
diagonally at an angle of 45° with the 
neutral line.” 

But it still remains that the computed 
stress on the remote elements of a beam 
at rupture exceeds the tenacity of the 
material. The reason why the strength 
of a beam exceeds its computed strength 
when T, the modulus of tenacity, is used 
in place of the tabulated value of R in 
the formula for the strength of a beam, 
is due to the fact that the hypotheses 
upon which the analysis is founded are 
not realized in the experiment. The laws 
for elastic resistance are extended to 
that of ultimate strength, although it is 
well known that the laws fail when the 
elastic limit is passed. The outer fibers 
in the latter condition become relatively 
weakened, so that the effective depth—or 
more strictly, the depth which would rep- 
resent the strength according to the as- 
sumed laws, is less than the measured 
depth of the beam. Thus, if T be the 
modulus of tenacity, its value for a rect- 
angular beam supported at its ends, and 
broken by a load P at the middie, should 
be found by the formula 

ra? Pb 
~ 2bd”’ 
in which, if a value for d less than that 
of the measured depth be used, the re- 
sulting value will exceed T, as is actually 
found in practice. It is possible that 
this way of stating the case is original. 

There is another reason for the dis- 
crepancy. It is assumed that the section 
of rupture is a plane—a condition never 
realized. The section of rupture being 
irregular, more elements must be sepa- 
rated than if it were plane, a condition 
which might give an apparent increase of 
strength. 

It thus appears that the cause of the 
discrepancy between computed and ob- 
served values may be fully accounted for 
without involving hypotheses in conflict 
with other known principles. 
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SCIENCE AND ENGINEERING. 


From “ Nature.” 


In the address delivered by Mr. West-|mo-electric machine already occupies in 
macott, President of the Institution of | the industrial world, and the far higher 


Mechanical Engineers, to the English | 


position which, as almost all admit, it is 


and Belgian engineers assembled at| destined to occupy in the future, in order 
Liége last August, there occurred the| to see how much we owe to Faraday’s 


following passage : 


all other sciences into play ; chemical or | 


physical discoveries, such as those of 
Faraday, would be of little practical use 
if engineers were not ready with mechan- 
ical appliances to carry them out and 
make them commercially successful in the 
way best suited to each.” 

We have no objection to make to these 
words, spoken at such a time, and before 
such anassembly. It would, of course, 
be easy to take the converse view, and 
observe that engineering would have 
made little progress in modern times but 
for the splendid resources which the dis- 
coveries of pure science have placed at 
her disposal, and which she has only had 


‘other side also. 


“Engineering brings | establishment of the connection between 


magnetism and electricity. That is one 
side of the question—the debt which art 
owes to science. But let us look at the 
Does science owe noth- 
ing to art? Will any one say that we 
should know as much as we do concern- 
ing the theory of the dynamo-electric 
motor, and the laws of electro-magnetic 
action generally, if that motor had never 
risen (or fallen, as you choose to put it) 
to be something besides the instrument 
of a laboratory or the toy of a lecture- 
room. Only a short time since the illus- 
trious French physicist, M. Tresca, was 
enumerating the various sources of loss 
in the transmission of power by elec- 


to adopt and utilize fur her own purposes. | tricity along a fixed wire, as elucidated 
But there is no need io quarrel over two | in the careful and elaborate experiments 
opposite modes of stating the same fact. | ‘inaugurated by M. Marcel Deprez, and 


There is need, on the other hand, that 
the fact itself should be fairly recognized 
and accepted, namely, that science may 
be looked upon as at once the hand- 
maid and the guide of art, art as at once 
the pupil and the supporter of science. 
In the present article we propose to give 
a few illustrations which will bring out 
and emphasise this truth. 


We could scarcely find a better in- distribution is governed. 


stance than is furnished to our hand in 
the sentence we have chosen for a text. 


No man ever worked with a more single- | 


subsequently continued by himself. 
These losses—the electrical no less than 
the mechanical losses—are being thor- 
oughly and .minutely examined in the 
hope of reducing them to the lowest 
limit; and this examination cannot fail to 
throw much light on the exact distribu- 
tion of the energy imparted to a dyna- 
mo machine, and the laws by which this 
But would this 
examination ever have taken place—would 
the costly experiments which render it 
feasible ever have been performed—if the 


hearted devotion to pure science—with a dynamo machine was still under the un- 


more absolute disregard of money or 
fame, as compared with knowledge—than 
Michael Faraday. Yet future ages will 


perhaps judge that no stronger impulse | 
‘fords an earlier and perhaps as good an 


was ever given to the progress of indus- 
trial art, or to the advancement of the 


‘illustration of the same fact. 


disputed control of pure science, and 
had not become subject to the sway of 
the capitalist and the engineer ? 

Of course the electric telegraph af- 


The dis- 


material interests of mankind, than the covery that electricity would pass along 


impulse which sprang from his discoveries 
in electricity and magnetism. 


Of these | 


discoveries we are only now beginning to | 
tance, from an industrial point of view, 


reap the benefit. But we have merely 


to consider the position which the dyna- ' 


a wire and actuate a needle at the other 
end was at first a purely scientific one, 
and it was only gradually that its impor- 


came to be recognized. Here, again, art 
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owes to pure science the creation of a 
complete and important branch of en- 
gineering, whose works are spread like 
a net over the whole face of the globe. 
On the other hand, our knowledge of 
electricity, and specially of the electro- 
chemical processes which go on in the 
working of batteries, has been enor- 
mously improved in consequence of the 
use of such batteries for the purposes of 
telegraphy. 

Let us turn to another example in a 
different branch of science. Whichever 
of our modern discoveries we may con- 
sider to be the most startling and impor- 
tant, there can, I think, be no doubt that 
the most beautiful is that of the spectro- 
scope. It has enabled us to do that 
which, but a few years before its in- 
troduction, was tuken for the very type 
of the impossible, viz., to study the 
chemical composition of the stars ; and it 
is giving us clearer and clearer insight 
every day into the condition of the great 
luminary which forms the center of our 
system. Still, however beautiful and in- 
teresting such results may be, it might 
well be thought that they could never 
have any practical application, and that 
the spectroscope, at least, would remain 
an instrument of science, but of science 
alone. This, however, is not the case. 
Some thirty years since Mr. Bessemer 
conceived the idea that the injurious con- 
stituents of raw iron, such as silicon, 
sulphur, &¢., might be got rid of by 
simple oxydation. The mass of crude 
metal was heated to a very high temper- 
ature; atmospheric air was _ forced 
through it at considerable pressure, and 
the oxygen, uniting with these metal- 
loids, carried them off in the form of acid 
gases. ‘lhe very act of union generated 
avast quantity of heat, which itself as- 
sisted the continuance of the process ; 
and the gas, therefore, passed off in a 
highly luminous condition. [ut the im- 
portant point was to know where to stop; 
to seize the exact moment when all, or 
practically all, hurtful ingredients had 
been removed, and before the oxygen 
had turned from them to attack the iron 
itself. How was this point to be ascer- 
tained? It was soon suggested that 


each of these gases in its incandescent 
state would show its own peculiar spec- 
trum ; and that if the flame rushing out 
of the throat of the converter were viewed 


; 


through a spectroscope, the moment 
when any substance, such as sulphur, 
had disappeared would be known by the 
disappearance of the corresponding lines 
in the spectrum. The anticipation, it is 
needless to say, was verified; and the 
spectroscope, though now superseded, 
had for a time its place among the reg- 
ular appliances necessary for the carry- 
ing on of the Bessemer process. 

This process itself, with all the mo- 
mentous consequences, mechanical, com- 
mercial and economical, which it has en- 
tailed, might be brought forward as a 
witness on our side; for it was almost 
completetely worked out in the labora- 
tory before being submitted to actual 
practice. In this respect it stands in 
marked contrast to the earlier processes 
for the making of iron and steel, which 
were developed, it is difficult to say how, 
in the forge or furnace itself, and amid 
the smoke and din of practical work. At 
the same time the experiments of Besse- 
mer were for the most part carried out 
with a distinct eye to their future appli- 
cation in practice, and the value for our 
present purpose is therefore not so great. 
The same, we believe, may be said with 
regard to the great rival of the Bessemer 
converter, viz., the Siemens open hearth ; 
although this forms in itself 2 beautiful 
application of the scientific doctrine that 
steel stands midway as regards its pro- 
portion of carbon, between wrought iron 
and pig iron, and ought, therefore to be 
obtainable by a judicious mixture of the 
two. The basic process is the latest de- 
velopment, in this direction, of science 
as applied to metallurgy. Here, by sim- 
ply giving a different chemical constitu- 
tion to the clay lining of the converter, 
it is found possible to eliminate phos- 
phorus—an element which has success- 
fully withstood the attack of the Besse- 
mer system. Now, to quote the words 
of a German eulogizer of the new meth- 
od, phosphorus has been turned from an 
enemy into a friend, and the richer a 
given ore is in that substance, the more 
readily and cheaply does it seem likely to 
be converted into steel. 

These latter examples have been taken 
from the art of metallurgy; and it may 
of course be said that, considering the 
intimate relation between that art and the 
science of chemistry, there can be no 





wonder if the former is largely depend- 
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ent for its progress upon the latter. I) | have already been senile enna, 7 
will therefore turn to what may appear| subtracts from them what juice there is 
the most concrete, practical and unscien- | ‘left. It then passes as a thin juice to the 
tific of all arts—that, namely, of the me- | next vessel, in which the slices are richer, 
chanical engineer; and we shall find that| and the process begins again. In the 
even here examples will not fail us of the| last vessel the water which has already 
boons which pure science has conferred done its work in all the previous vessels, 
upon the art of construction, nor even, | comes into contact with fresh slices, and 
perhaps, of the reciprocal advantages| begins the operation upon them. The 
which she has derived from the connec-|same process has been applied at the 
tion. 'other end of the manufacture of sugar. 
The address of Mr. Westmacott, from | After the juice has been purified, and all 
which I have already taken my text, sup-| the crystallizable sugar has been separ- 
plies in itself more than one instance of|ated from it by boiling, there is left a 
the kind we seek—instances emphasized | mass of molasses containing so much of 
by papers read at the meeting where the; the salts of potassium and sodium that 
address was spoken. Let us take, first, | no further crystallization of the yet re- 
the manufacture of sugar from beet-root. | maining sugar is possible. The object of 
This manufacture was forced into promi-| the process called osmosis is to earry off 
nence in the early years of this century,| those salts. The apparatus used, or os- 
when the continental blockade maintained | mogene, consists of a series of trays filled 
by England against Napoleon prevented olternately with molasses and water, the 
all importation of sugar from America;| bottoms being formed of parchment 
and it has now attained very large dimen-| paper. A current passes through this 
sions, as all frequenters of the Continent | paper in each direction, part of the water 
must be aware. The process, as ex-|entering the molasses, and part of the 
haustively described by a Belgian en-' salts, together with 4 certain quantity of 
gineer, M. Mélin, offers several instances sugar, entering the water. The result of 
of the application of chemical and physi-| thus freeing the molasses from the salts 
cal science to practical purposes. ‘Thus,,is that a large part of the remaining 
the first operation in making sugar from sugar can now be extracted by crystalli- 
beet-root is to separate the juice from the zation. 
flesh, the former being as much as 95 per Another instance in point comes from 
cent. of the whole weight. Formerly a paper dealing with the question of the 
this was accomplished by rasping the construction of long tunnels. In Eng- 
roots into a pulp, aid then pressing the land this has been chiefly discussed of 
pulp in powerful hydraulic presses; in| late in connection with the Channel Tun- 
other words, by purely mechanical nel, where, however, the conditions are 
means. This process is now toa large comparatively simple. It is of still 
extent superseded by what is called the greater importance abroad. Two tunnels 
diffusion process, depending on the well- have already been pierced through the 
known physical phenomena of endos- Alps; a third is nearly completed, and a 
mosis and exosmosis. The beet-root is fourth, the Simplon Tunnel, which will 
cut up into small slices, called “cos- be the longest of any, is at this moment 
settes,” and these are placed in vessels the subject of a most active study on the 
filled with water. The result is, that a part of French engineers. In Ameri- 
current of endosmosis takes place from ca, especially in connection with the deep 
the water towards the juice in the cells, mines of the Western States, the problem 
and a current of exosmosis from the juice is also of the highest importance. But 
towards the water. These currents go|the driving of such tunnels would be 
on cell by cell, and continue until a state financially ‘if not physically impossible, 
of equilibrium is attained. The richer but for the resources which science has 
the water and the poorer the juice, the placed in our hands, first, by the prepara- 
sooner does this equilibrium take place. tion of new explosives, and, secondly, by 
Consequently the vessels are arranged in methods of dealing with the very high 
a series, forming what is called a diffu- temperatures which have to be encoun- 
sion battery; the pure water is admitted | tered. As regards the first, the history 
to the first vessel, in which the slices|of explosives is scarcely anything else 
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| 
than a record of the application of chemi- 
cal principles to practical purposes—a 
record which, in great part has yet to be 
written, and on which we cannot here 
dwell. It is certain, however, that but 
for the invention of nitroglycerine, a 
purely chemical compound, and its devel- 
opment in various forms, more or less 
safe and convenient, these long tunnels 
would never have been constructed. As 
regards the second point, the question of 
temperature is really the most formidable 
with which the tunnel engineer has to 
contend. In the St. Gothard Tunnel, 
just before the meeting of the two head-| 
ings, in February, 1880, the temperature 
rose as high as 93° Fahr. This, combined 
with the foulness of the air, produced 
an immense diminution in the work 
done per person and per horse employed 
whilst several men were actually killed 
by the dynamite gases, and others suf- 
fered from a disease which was traced to 
a hitherto unknown species of internal 
worm. If the Simplon Tunnel should be 
constructed yet higher temperatures may 
probably have to be dealt with. Al-| 
though science can hardly be said to have | 
completely mastered these difficulties, 
much has been done in that direction. A 
great deal of mechanical work has, of 
course, to be carried on at the face or far 
end of such a heading, and there are va- 
rious means by which it might be done. 
But by far the most satisfactory solution, | 
in most cases at least, is obtained by | 
taking advantage of the properties of 
compressed air. Air can be compressed 
at the end of the tunnel either by steam- | 
engines, or, still better, by turbines where 
water power is available. This com-| 
pressed air may easily be led in pipes to) 
the face of the heading, and used there | 
to drive the small engines which work 
the rock-drilling machines, &c. Theeffi- 
ciency of such machines is doubtless 
low, chiefly owing to the physical fact 
that the air is heated by compression, 
and that much of this heat is lost whilst 
it traverses the long line of pipes leading 
to the scene of action. But here we, 


| 





have a great advantage from the point of | 
view of ventilation ; for, as the air gained | 
heat while being compressed, so it loses | 
heat while expanding; and the result is | 
that a current of cold and fresh air is | 
continually issuing from the machines at | 
the face of the heading, just where it is | 


a temperature. 


most wanted. In consequence, in the 
St. Gothard, as just alluded to, the hot- 
test parts were always some little dis- 
tance behind the face of the heading. 
Although in this case as much as 120,000 
cubic meters of air (taken at atmospheric 
pressure) were daily poured into the 
heading, yet the veytilation was very 
insufficient. Moreover, the high press- 
ure which is used for working the ma- 
chines is not the best adapted for ventil- 
ation; and in the Arlberg tunnel sepa- 
rate ventilating pipes are employed, con- 
taining air compressed to about one at- 
mosphere, which is delivered in much 
larger quantities, although not at so low 
In connection with this 
question of ventilation a long series of 
observations have been taken at the St. 
Gothard, both during and since the con- 
struction ; these have revealed the impor- 
tant physical fact (itself of high practical 
importance) that the barometer never 
stands at the same level on the two 
sides of a great mountain chain; and so 
have made valuable contributions to the 
science of meteorology. 

Another most important use of the 
same scientific fact, namely, the proper- 
ties of compressed air, is found in the 
sinking of foundations below water. 
When the piers of a bridge, or other 
structure, had to be placed in a deep 
stream, the old method was to drive a 
double row of piles round the place and 
fill them in with clay, forming what is 
called a cofferdam. ‘The water was 
pumped out from the interior, and the 
foundation laid in the open. This is al- 
ways a very expensive process, and in 
rapid streams is scarcely practicable. In 
recent times large bottomless cases, 
called caissons, have been used, with 
tubes attached to the roof, by which air 
can be forced into or out of the interior. 
These caissons are brought to the site 
of the proposed pier, and are there sunk. 
Where the bottom is loose, sandy earth, 
the Vacuum process, as it is termed, is 
often employed; that is, the air is 
pumped out from the interior, and the 
superincumbent pressure then causes the 
caisson to sink and the earth to rise 
within it. But it is more usual to em- 
ploy what is called the Plenum process, 
in which air under high pressure is 
pumped into the caisson and expels the 
water, as in a diving bell. Workmen 
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then} descend, entering through an air | 
lock, and excavate the ground at the, 
bottom of the caisson, which sinks grad-| 
ually as the excavation continues. Un-) 
der this system a length of some two) 
miles of quay wall is being constructed 
at Antwerp, far out in the channel of the 
river Scheldt. Here the caissons are 
laid end to end with each other, along 
the whole curve of the wall, and the mas- 
onry is built on the top of them within a 
floating cofferdam of very ingenious con- 
struction. 

‘ There are few mechanical principles 
more widely known than that of so-called 
centrifugal force; an action which, 
though still a puzzle to students, has 
long been thoroughly understood. It is, 
however, comparatively recently that it. 
has been applied in practice. One of the 
earliest examples was, perhaps, the ordi- 
nary governor, due to the genius of 
Watt. Every boy knows that if he takes 
a weight hanging from a string and twirls 
it round, the weight will rise higher and 
revolve in a larger circle as he increases 
the speed. Watt saw that if he attached 


such an apparatus to his steam engine, 
the balls or weights would tend to rise 
higher whenever the engine began to run 


faster, that this action might be made. 
partly to draw over the valve which ad- 
mitted the steam, and that in this way 
the supply of steam would be lessened, 
and the speed would fall. Few ideas in 
science have received so wide and so suc- 
cessful an application as this; but of late 
years another property of centrifugal 
force has been brought into play. The 
effect of this so-called force is that any 
body revolving in a circle has a continual 
tendency to fly off at a tangent; the 
amount of this tendency depending 
jointly on the mass of the body and on 
the velocity of the rotation. It is the 
former of these conditions which is now 
being taken advantage of. For if we have a 
number of particles all revolving with 
the same velocity, but of different specific 
gravities, and if we allow them to follow 
their tendency of moving off at a 
tangent, it is evident that the heavi- 
est particles having the greatest mass 
will move with the greatest energy. The 
result is, that if we take a mass of such 
particles and confine them within a cir- 
cular casing, we shall find that, having 
rotated this casing with a high velocity 


‘are of different specific gravities. 


and for a sufficient time, the heaviest 
particles will have settled at the outside 
and the lightest at the inside, whilst be- 
tween the two there will be a gradation 
from the one to the other. Here, then, 
we have the means of separating two 
substances, solid or liquid, which are in- 
timately mixed up together, but which 
This 
physical principle has been taken advan- 
tage of in a somewhat homely but very 
importan: process, viz., the separation of 
cream from milk. In this arrangement 
the milk is charged into a vessel some- 
thing of the shape and size of a Glouces- 
ter cheese, which stands on a vertical 


‘spindle, and is made to rotate with a ve- 


locity as high as 7,000 revolutions per 
minute. At this enormous speed the 
milk, which is the heavier, flies to the 
outside, while the cream remains behind 
and stands up as a thin layer on the in- 
side of the rotating cylinder of fluid. So 
completely does this immense speed pro- 
duce in the liquid the characteristics of a 
solid, that if the rotating shell of cream 
be touched by a knife it emits a harsh, 
grating sound, and gives the sensation 
experienced in attempting to cut a stone. 
The separation is almost immediately 
complete, but the difficult point was to 
draw off the two liquids separately and 
continuously without stopping the ma- 
chine. This has been simply accom- 
plished by taking advantage of another 
principle of hydromechanics. A small 
pipe opening just inside the shell of the 


cylinder is brought back to near the 


center, where it rises through a sort of 
neck and opens into an exterior casing. 
The pressure due to the velocity causes 
the skim-milk to rise in this pipe and 
flow continuously out at the inner end. 
The cream is at the same time drawn off 
by @ similar orifice made in the same neck 
and leading into a different chamber. 
Centrifugal action is not the only way 
in which particles of different specific 
gravity can be separated from each other 
by motion only. If a rapid “jigging” 
or up-and-down motion be given to a 
mixture of such particles, the tendency 
of the lighter to fly further under the 
action of the impulse causes them gradu- 
ally to rise to the upper surface; this 


‘surface being free in the present case, 


and the result being therefore the re- 
verse of what happens in the rotating 
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chamber. If suchamixture be examined 
after this up-and-down motion has gone 
on for a considerable period, it will be 
found that the particles are arranged 
pretty accurately in layers, the lightest 
being at the top and the heaviest at the 
bottom. ‘Ihis principle has long been 
taken advantage of in such cases as the 
separation of lead ores from the matrix 
in which they are embedded. The rock, 
in these cases, is crushed into small 
fragments, and placed on a frame having 
a rapid up and-down motion, when the 
heavy lead ore gradually collects at the 
bottom and the lighter stone on the top. 
To separate the two the machine must 
be stopped and cleared by hand. In the 
case of coal-washing, where the object is 
to separate fine coal from the particles of 
stone mixed with it, this process would 
be very costly, and indeed impossible, 
because a current of water is sweeping 
through the whole mass. In the ease of 
the Coppeée coal-washer, the desired end 
is achieved in a different and very simple 
manner. The well-known mineral feld- 
spar has a scientific gravity intermediate 
between that of the coal and the shale, 
or stone, with which it is found inter- 
mixed. If, then, a quantity of feldspar in 
small fragments is thrown into the mix- 
ture, and the whole then submited to 
the jigging process, the result will be 
that the stone will collect on the top 
and the coal at the bottom, with a 
layer of feldspar separating the two. 
A current of water sweeps through the 
whole, and is drawn off partly at the 
top, carrying with it the stone, and 
partly at the bottom, carrying with it the 
fine coal. 

The above are instances where science 
has come to the aid of engineering. Here 
is one in which the obligation is re 
versed. The rapid stopping of railway 
trains, when necessary, by means of 
brakes, is a problem which has long oc- 
cupied the attention of many engineers ; 
and the mechanical solutions offered have 
been correspondingly numerous. Some 
of these depend on the action of steam, 
some of a vacuum, some of compressed 
air, some of pressure water ; others again 
ingeniously utilize the momentum of the 
wheels themselves. But for a long time 
no effort was made by any of these in- 
ventors thoroughly to master the theo- 


retical conditions of the problem before , 


‘them. At last, one of the most ingenious 


and successful among them, Mr. George 
Westinghouse, resolved to make experi- 
ments on the subject, and was fortunate 
enough to associate with himself Captain 
Douglas Galton. Their experiments, 
carried on with rare energy and perseve- 
rance, and at great expense, not only 
brought into the clearest light the physi- 
cal conditions of the question (conditions 
which were shown to be in strict accord- 
ance with theory), but also disclosed the 
interesting scientific fact that the friction 
between solid bodies at high velocities is 
not constant, as the experiments of 
Morin had been supposed to imply, but 
diminishes rapidly as the speed increases 
—a fact which other observations serve 
to confirm. 

The old scientific principle known as 
the hydrostatic paradox, according to 
which a pressure applied at any point 
of an inclosed mass of liquid is transmit- 
ted uualtered to every other point, has 
been singularly fruitful in practical appli- 
cations. Mr. Bramah was perhaps the 
first to recognize its value and import- 
ance. He applied it to the well-known 
Bramah press, and in various other direc- 
tions. some of which were less success- 
ful. One of these was a hydraulic lift, 
which Mr. Bramah proposed to construct 
by means of several cylinders sliding 
within each other after the manner of 
the tubes of a telescope. His specifica- 
cation of this invention sufficiently ex- 
presses his opinion of its value, for it con- 
eludes as follows : “ This patent does not 
only differ in its nature and in its 
boundless extent of claims to novelty, 
but also in its claims to merit and supe- 
rior utility compared with any other 
patent ever brought before or sanctioned 
by the legislative authority of any na- 
tion.” The telescope lift has not come 
into practical use; but lifts worked on 
the hydraulic principle are becoming 
more and more common every day. The 
same principle has been applied by the 
genius of Sir William Armstrong, and 
others, to the working of cranes and 
other machines for the lifting of weights, 
&c.; and, under the form of the aceumu- 
lator, with its distributing pipes and hy- 
draulic engines, it provides a store of 
power always ready for application at 
any required point in a large system, yet 
costing practically nothing when not actu- 
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ally at work. This system of high-press- 
ure mains worked from a central accumu- 
lator has been for some years in exist- 
ence at Hull, as a mears of supplying 
power commercially for all the purposes 
needed in a large town, and it is at this 
moment being carried out ona wider 
scale in the East End of London. 

‘Taking advantage of this system, and 
combining with it another scientific prin- 
ciple of wide applicability, Mr. J. H. 
Greathead has brought out an instru- 
ment called the “injector hydrant,” 
which seems likely to play an important 
part in the extinguishing of fires. ‘This 
second principle is that of the lateral in- 
duction of fluids, and may be thus ex- 
pressed in the words of the late William 
Froude: “ Any surface which, in passing 
through a fluid, experiences resistance, 
must, in so doing, impress on the part- 
icles which resist it a force in the line of 
motion equal to the resistance.” If, then, 
these particles are themselves part of a 
fluid, it will result that they will follow 
the direction of the moving fluid and be 
partly carried along with it. As applied 
in the injector hydrant, a small quantity 
of water derived from the high-pressure 
mains is made to pass from one pipe into 
another, coming in contact at the same 
time with a reservoir of water at ordi- 
nary pressure. The result is, that the 
water from the reservoir is drawn into 
the second pipe through a_trumpet- 
shaped nozzle, and may be made to issue 
as a stream to a considerable height. 
Thus, the small quantity of pressure- 


water, which, if used by itself, would per- | 


haps rise to a height of 500 feet, is made 
to carry with it a much larger quantity to 
a much smaller height, say that of an or- 
dinary house. 

The above are only a few of the many 
instances which might be given to prove 
the general truth of the fact with which 
we started, namely, the close and recip- 
rocal connection between physical science 
and mechanical engineering, taking both 
in their widest sense. It may possibly 
be worth while to return again to the 
subject, as other illustrations arise. Two 
such have appeared, even at the moment 
of writing, and though their practical 
success is not yet assured, it may be 
worth while to cite them. The first is 
an application of the old principle of the 
siphon to the purifying of sewage. In- 


to a tank containing the sewage dip a 
siphon pipe some thirty feet high, of 
which the shorter leg is many times larger 
than the longer. When this is started, 
the water rises slowly and steadily in the 
shorter column, and before it reaches the 
top has left behind it all, or almost all, 
of the solid particles which it previously 
held in suspension. These fall slowly 
back through the column, and collect at 
the bottom of the tank, to be cleared out 
when needful. The effluent water is 
not, of course, chemically pure, but suf- 
ficiently so to be turned into any ordi- 
nary stream. Thesecond invention rests 
on a curious fact in chemistry, namely, 
that caustic soda or potash will absorb 
steam, forming a compound which has a 
much higher temperature than the 
steam absorbed. If, therefore, exhaust 
steam be discharged into the bottom of+ 
a vessel containing caustic alkali, not 
only will it become condensed, but this 
condensation wiil raise the temperature 
of the mass so high that it may be em- 
ployed in the generation of fresh steam. 
It is needless to observe how important 
will be the bearing of this invention upon 
the working of steam engines for many 
purposes, if only it can be established as 
a practical success. And if it is so 
established, there can be no doubt that 
the experience thus acquired will reveal 
new and valuable facts with regard to 
the conditions of chemical combination 
and absorption, in the elements thus 
brought together. 


a 2<be — -—- — 





An experiment on the loss of press- 
‘ure of steam in'a long steam pipe was 
‘lately made in the Gould and Curry 
mine, California, by Mr. R. G. Carlyle, 
engineer. The pipes used were four- 
inch gas pipes connected with flanges 
and placed in a long trough made of 
'twelve-inch by two-inch planks, and thus 
‘eight inches square inside. The space 
between pipe and wood was filled up 
‘with wood. Although the pipe was one 
thousand three hundred and forty-one 
feet in length there was practically no dif- 
ference between the pressure at the boiler 
and at the engine, and this was proved 
by several gauges and mercury columns. 
Mr. Carlyle concludes that there is no 
limit to the distance to which steam may 
be carried. 
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PRESSURE ATTAINABLE BY THE USE OF THE 
‘*DROP PRESS.” 


By ROBERT H. THURSTON, HOBOKEN, N. J. 


Tue writer has recently taken occasion | 
to determine the magnitude of the press- | 
ures attainable and not infrequently util- 
ized in the use of the “ drop press,” now | 
so extensively employed in the process of 
“ drop forging,” and in the manufacture 
of small parts of sewing machines, fire- 
arms and light machinery. 

The opportunity was offered to make 
this determination in the course of an in- 
vestigation of the efficiency of drop) 
presses lately made by the Mechanical | 
Laboratory of the Stevens Institute of 
Technology. It was found that the most 
efficient presses experimented with had | 


an “ efficiency,” as the term is technically | 


used, of 90 per cent.—i. ¢., the work done 


by the drop was 90 per cent. of that 


which was due to the weight falling 
through the measured height. The table 
given below is based upon the assump- 
tion that this efficiency can be reached, 
and exhibits the mean pressure attained 


when the piece attacked is crushed to the 
amount of }, 4, ;', inch respectively. 
The maximum pressures must exceed 


those given. The mean pressures are 
calculated by determining the amount of 
energy of the falling drop at the instant 
before stopping—/. e., of the quantity of 
work done upen it by gravity and stored 
in it, and dividing that measure in foot- 
pounds by the distance through which 
the crushing of the “work” takes place. 
These figures are seen to be simply enor- 
mous, and the power of this form of 
press is evidently limited only by the 
rigidity of its parts and their strength. 
The figures given for the pressures 
reached when the compression is +, inch 
can only be obtained when the anvil is so 
set and of such material that the yielding 
there occurring cannot absorb more than 
the allowed 10 per cent. of the total) 
work of the falling mass. The same re- 
mark applies to the table generally, but 
the loss may always be expected to fall 
within the assumed figure for the smaller | 
weights and lesser heights fallen 
through. If the machine is well built! 


and the anvil and foundation are of 
ample size and rigidity for good work, it 


is not improbable that the higher figures 


can be readily obtained; also, if proper 
precautions are taken in the setting of 
the press. 

The intensity of pressure attainable is 
evidently determined by the area of the 
surface exposed to the action of the 
drop, and this in turn determines the 
distance through which crushing may 
occur. The figures given in the table 
are total pressures, and the mean inten- 


sity of pressure corresponding to these 


amounts is to be obtained by dividing tle 
total pressure as shown in the table by 
the area of section of the crushed piece, 
or by the mean area opposed to the 
crushing action during the operation. 
The proper comparison is that of the en- 
ergy of the falling weight with the “resil- 
ience,” elastic or total, or both, of the 
mass un the anvil or in the dies. 

The limit to the resistance of any mass 
on the anvil is found at the pressure at 
which the metal will “flow” continu- 
ously. This pressure varies with not 
only the kind of metal, but with every 
variation in the chemical composition, 
the physical structure or the form and 
method of support of the piece. For 
general use the value of this “ modulus” 
may be taken at about the value of the 
shearing resistance of the material. For 
soft wrought iron, for example, it may be 
taken at about 50,000 pounds per square 


‘inch (3,515 kg. per sq. em.) for moder- 


ately hard iron at a figure 20 per cent. 
higher, and for pure copper at about one- 
half the latter figure. ‘There is, however, 


‘a great difference in the behavior of the 
|two metals under pressure. 


The former 
has a distinct elastic limit in its original 
state, which becomes “ exalted,” as was 
shown by the writer some ten years ago, 
when the piece is distorted, and becomes 
approximately equal to the maximum 
force, producing change of form, remain- 
ing permanently altered. The metal 
thus transformed does not yield subse- 
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quently to any less pressure. It will! no visible effect when first applied will 
not flow under any pressure less than after a time be found to have caused a 
that which is required to produce distor- very decided, and often a very extensive, 
tion immediately upon its application. | alteration of ‘the form of the mass. This 
Copper, however, has no true and meas- is also a now well-known property of 
urable elastic limit in its original condi-| some kinds of brass and of many other 
tion as found in the market, ‘and it does metals belonging to what the writer has 
flow under the continued action of forces | called the tin class, to distinguish them 
far less than those required to produce from the metals of the iron and steel 
rapid and continuous distortion by class, which do not exhibit this treacher- 
steady pressure. A load which produces ous behavior. This difference is of some 
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importance, not only as indicating the 
best method of working them, but also 
as shuwing that the first of these two 
classes isa safer class to deal with where 
the metal is to be used in the carrying 
of heavy and unintermitied stress than is 
the second class. 

Another important distinction between 
these two classes is, as indicated by the 
results of investigations made by the 
writer, that the “iron class,” which in- 
cludes all the irons and all of the steels, 
offers more resistance as the rupturing 
action is slower, while the “tin class,” 
which includes nearly all the other 
metals, and very nearly all of the alloys 
that the writer has ever tested, yields the 


more readily the more slowly the distor- | 
The second class is thus | 


tion goes on. 
subject to that singular kind of change 
of form under heavy, continnous stress 
which is illustrated in the movement of 
all viscous solids—ice, for example, as 
seen in its flow in the glacier. 


quired to cause change of form in the 


testing machine in the ordinary methods | 


of test. Iron has been found by Vicat, 
and later by the writer, to exhibit some- 
thing of sucha phenomenon, but only when 
the pressures are considerably above one- 
half those usually found for the moduli 
of rupture, and this action is only seen 


in serious degree when the iron has been | 
Common ; 


annealed and thus softened. 
merchant iron, so far as the writer is 
aware, does not show any tendency to 


such slow and imperceptible yielding un- | 


der moderate loads. 


The bearing of these facts upon the 


value of the drop press as a means of 


working iron and other metals into shape | 
Change of form can only) 


is obvious. 
begin when the elastic limit of the ma- 
terial is passed, and flow can only pro- 
gress steadily and uninterruptedly when 
the pressure applied is in excess of the 
resistance of the metal to flow. 
metals which belong to the “tin class” 
are best attacked by processes which 
cause a comparatively slow motion of 


their particles in changing form; iron) 


and: steel, on the contrary, being less re- 
sistant at high than at low velocities of 
flow, are best worked by methods which 
produce rapid distortion. Professor 
Kick, of Prague, has shown very plainly 


This, it | 
seems ‘probable, may often occur under | 
pressures far within those which are re-| 


The soft | 





that this difference in the amount of 
work demanded by the soft metals under 
the two kinds of treatment may amount 
to a very important quantity. He finds 
that the distortion of bodies by the 
action of the hydraulic press and by the 
action of a hammer dealing a succession 
of blows to produce the same change of 
form consume power in the ratio, in 
some cases, of one to ten. It is thus 
evident that the hammer or the drop is 
to be used for those special cases in 
which the pressure desired cannot be 
reached by ordinary methods, and that it 
is best adapted to the working of iron 
and steel. The hydraulic press and auto- 
matic machinery are to be preferred 
where they can be conveniently and 
cheaply used. For much of the work 
| that is now done in our smaller kinds of 
| manufacturing, the drop has been shown 
by experience to be the only machine 
which will give the required enormous 
pressures and do the work rapidly and 
cheaply. 

The maximum area of surface exposed 
to pressure which will be allowable for 
any given amount of compression can be 
determined approximately by dividing 
the total mean pressure due to the action 
of the drop, with the given fall, and the 
proposed compression by the maximum 
resistance of the material. The maximum 
area which will permit any action upon 
the surface is to be uscertained by divid- 
ing the same maximum pressure due the 
| fall of the drop by the elastic limit of the 
metal in compression. 

The total work absorbed, or the resi- 
lience of the mass, up to the elastic limit 
is to be measured by multiplying the 
elastic resistance by one-half the percent- 
age of compression which marks the elas- 
tic limit; the result measures the resil- 
ience in inch-pounds when the unit of 
measure is the inch, and in centimeter- 
kilograms when the units are metric. 
The total work done in any permanent 
change of shape is proportional to the 
volume affected and to the maximum re- 
| sistance of the material to such deforma- 
tion. 

What figures shall be adopted for the 
resistance to be calculated upon in the 
production of flow in metals subjected to 
|the action of the drop press is a ques- 
‘tion which the writer is unable to answer 
i definitely. It would seem probable that 




















VAN NOSTRAND’S ENGINEERING MAGAZINE. 





14 


the effect of the blow may be, in the work of deformation to be two-thirds that 

ease of cold metal, somewhat similar to of iron for pieces of small section, and 

that of cold rolling, and, this being the would expect a great increase of resist- 

case, the initial resistance to flow must ance with either metal when the surface 

be taken as at least 70,000 pounds per acted upon by the drop becomes large in j 
square inch 4,921 kg. per sq. cm.), and proportion to its thickness. Probably no 

the resilience during flow at as high as very reliable figures can yet be given. 

70,000 inch-pounds per cubic inch (4,921 Whatever the resistance may be, the 

kg. m. per cubic centimeter) for good drop will be very certain to overcome it, 

common wrought iron. It may be safe and the variation in its amount will 

to take the figure for hot iron, as usually simply determine how many blows must 

workel, at less than one-half this be struck to obtain a given amount of 

amount. For copper the writer would, change of form. 

in the absence of exact data, take the 
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No portion of the duty of either the, for hydraulic purposes are not so rare as 
architect or the engineer is so difficult as might be desired. Thus in May, 1847, 
that which relates to hydraulic construc- the Government of India directed that 
tions. There are many reasons for this, the works on the Ganges Canal, designed 
such as the great cost and trouble of by Sir Proby Cautley, should be vigor- 
obtaining foundations below water, the ously carried out. Water was admitted 
different behavior of various kinds of into the canal in April, 1854, but during 
cement, and of other materials, in the air the next few years defects in the work 
and in the water, the variation in the came gradually to light, the chief of 
stability due to weight, from the buoyant which was the “ excessive declivity in the 
action of the water, and other causes. bed of the main channel, which caused a 
But probably the chief difficulty lies in | velocity of currer.t greater than the sandy 
the absence of satisfactory theory. For soil was calculated to withstand without 
all kinds of terrestrial structures, from erosion” (Buckley's “ Irrigation Works of 
the simplest form of cottage to the lofti- India,” p. 101); yet the gradient was 
est vault, burdened with impossible pen- only 18 inches per mile. In 1863 Sir 
dants, or soaring between flying but- Arthur Cotton estimated the alterations 
tresses and pinnacles, the definite mathe-| and additions to this canal at £2,725,- 
matical law can be detected and. ex-| 000; and proposed to reduce the inclina- 
pressed. It is true that the draughts- tion of the bed of the canal by from 8 
man rather leans on practice and experi- inches to 6 inches per mile. But there is 
ence than on geometric or algebraic anal- no doubt that Sir Proby Cautley had fol- 
ysis. But if the latter be wanted, in the lowed the formula of Dubuat, which at 
case of any new and unprecedented con- | the time was, and indeed still is, an ac- 
struction, it is attainable ; and within the cepted authority for the setting-out of 
last few years, as those columns of our canals. 
own which are devoted to reviews bear; But we need not go to India for an il- 
ample witness, so much thought has been lustration of the imperfect acquaintance 
given to the subject of the graphic solu-| with hydraulic law which is as yet char- 
tion of structural problems that there is acteristic of the state of science. As re- 
hardly a question which can be put to cently as 1864 the Mersey Board so far 
the architect of which he cannot work |) completed the works of the Low Water 
out the answer on the drawing board. _| Basin at Birkenhead that water was run 

The case is far otherwise when water |for the first time through the sluicing 
has to be taken into account. Instances’ conduits. “But from some cause,” says 
of the disastrous failure of costly works'Mr. Ellacott, in his description of the 
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basin (Min. Proc. Inst. C. E., vol. xxviii., 

525), “which was never clearly ac- 
counted for, such a violent shock was 
communicated to a portion of the ma 
sonry forming the back of the landing- 
stage recess, that the wall was instantly 
forced over 5 inches out of the perpendi- 
cular. Except for the purpose of sluic- 
ing under the landing-stage, no further 
attempt was made to run the water 
through the calvert. No trial was ever 
attempted of the corresponding culvert 
on the north side of the basin.” Again, 
“on January 25, during the fourth trial 
of the sluices, the gates of the north 
channel were torn from their fastenimgs, 
and swept into the chamber. On the 
21st of July the gates of the south sluic- 
ing chamber were carried away in a 
similar manner.” After the 15th of No- 
vember, 1864. when the last trial of the 
sluice was made, it was found that the 
sheet piling in front of the epron was 
bare on the face to a depth of 4 feet, 
that a hole 9 feet deep below the finished 
bottom of the basin had been excavated 
by the water, so that the piling had 
parted from the masonry of the apron. 
On the 23d of November the water was 
pumped out of the chamber, when it was 
found that a large part of the floor had 
been torn up, and the concrete and piles 
laid bare in several places. It became 
clear that the action of the sluices was 
attended not only with much inconveni- 
ence and hindrance to business, but also 
wich a considerable amount of danger. 
In fact, so unmanageable were these 
sluices, with a head of only 14 feet 3 
inches of water, which gave to the issuing 
current a velocity of twenty miles per 
hour, that the low-water basin, on which 
£470,252 had been spent, had to be 
abandoned and converted into a wet dock. 

It is true that Mr. Rendel, the original 
designer of the sluices in question, was 
unfortunately no longer surviving to 
carry out his plans. But the law of the 
flow of water from an orifice under a 
definite head is so well known that it is 
not to be thought possible that the velo- 
city of the current exceeded that antici- 
pated. What was wanting was experi- 
ence as to the inability of even the most 
carefully-constructed masonry to resist 
the effects of such a flow of water. From 
this point of view the failure of the 
Birkenhead sluices is highly instructive. 


Scarcely less significant were the casu- 
alties that occurred in 1855, during the 
construction of the Victoria Docks, de- 
signed and executed by Mr. Bidder. 
These docks are entered from the 
Thames through a lock 80 feet wide at 
the bottom, 326 feet 6 inches long from 
gate to gate, and with a depth of 10 feet 
on the ci!l at low water. The walls of 
the dock are of concrete, faced with pil- 
ing, and 20 feet thick at the bottom. 
The portion of the chamber containing 
the gates is of brickwork, and the bot- 
tom between the walls is lined with 7 
feet 6 inches of concrete, or with 6 feet 
of brickwork. The top of this continuous 
invert is 25 feet 6 inches below Trinity 
high-water mark. On Sunday, 17th June, 
1855, great progress had been made on 
the works; the upper and lower gates 
had been lifted into their places, the cais- 
son was nearly completed, the bottom of 
the large dock of 74 acres had been 
puddied; and -the removal of the river 
bank, and dredging at the entrance, was 
nearly all that remained to be done. 
There had been no symptom of weak- 
ness, hor any premonition of what was 
about to take place, except that on the 
previous day some joints in the coping 
on the south side were observed to be a 
little open, but to so slight an extent 
that the circumstance was not reported. 
‘The next day, however, in the afternoon, 
the portion of the north side between 
the upper and lower gates began to give 
way, moving forward bodily into the 
lock, pushing up the thick puddle to- 
wards the center, bending and breaking 
the tie bars behind, dragging the tie 
piles forward, and, in some instances, 
breaking them off. A few hours after- 
wards the south side failed in the same 
way, but the brick walls and platforms 
remained intact. 

This large and sudden failure was ac- 
counted for (Proc. Inst. C. E., vol. xviii., 
p- 463) on the ground that the continu- 
ous pumping which had been carried on 
for two years, night and day, in order to 
getin the foundations of the lock walls, 
had drained the country over a consider- 
able area. The water in a well at a dis- 
tance of 2} miles from the docks had 
been lowered during this pumping, and 
rose when it ceased. At the time of the 


accident the pumping had been discon- 


tinued for some weeks, and 3 feet of 
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water had been allowed to collect in the! the whole of the foundation moved for- 
dock, to test the puddle. It was ex-|ward with the slip. Both accidents oc- 
cluded from the lock chamber, and it curred on a Sunday night, when no men 
was thought that the hydraulic pressure | were at work, and two hours before the 
accumulated at the back of the wall, and| occurrence of ‘the latter failures nothing 
forced them bodily inwards. Fractures | unusual was to be seen in the wall. 

of the pivot casting, and abrasion and| In the discussion which took place on 
splitting of the roller-path, also took | the Avonmouth Dock at the Institution 
place. of Civil Engineers on December 12, 

The Avonmouth Dock was "ta ae-| teat Mr. Walmsley Stanley remarked 
by Mr. Brunlees; commenced in Au-| that before designing the walls of a dock, 

gust, 1868, and opened for traffic in | the exact nature of the strata on the 
February, 1877. It has an area of 16 line, and for some distance on each side 
acres, being 1,400 feet long and 500 feet|of the walls, should have been ascer- 
wide, and is entered from the Severn by| tained. He regarded the foundation for 
a lock, which has a clear length of 454' the docks at Avonmouth as exceptionally 
feet between the inner and outer gates,| good. They rest on a bed of fine grey 
and is 70 feet in width. The range éf sand underlying the clay at an almost 
tide for which the gates have to provide | ‘uniform level throughout its length, and 
is 43 feet 10 inches; the width of the ata depth of 6 feet below low water of 
dock wall at the base, 2 feet above the | equinoctial spring tides. The trial bor- 
dock floor, is 16 feet, and the width at; ings were only carried 10 feet deeper, 
the top is 10 feet 6 inches. When about and the pile-driving gave no signs that 
247 lineal yards of this section of wall| the sand had been passed through ata 
had been built up to the level of the cop-| depth of 25 feet. Springs were frequent 
ing, and the backing was well advanced, | in this sand. A layer of 6 inches of clay 
a failure of about 90 yards occurred. | had been sufficient to keep these down, 

The wall broke through from top to} but when this was removed they burst 








bottom in the middle of this distance, | 
slid forward 12 feet, and sank 4 feet 6 
inches. Where not affected by this slip, 
the wall showed no tendency to slide 
out of place, but an inclination to over- 
turn by coming forward at the top. It 
was built with a batter of 3 feet 4 inches 
from floor to coping, but when the for 





out in various places, and in some had 


'to be provided with permanent outlets. 


The question is very pertinent. “ Were 
these failures through any new elements 
of danger, or new combination of ele- 
ments, or did they arise from want of 
proper examination before the design 
and execution of the work?” Whatever 





ward movement ceased, the batter meas-| reply be given to this question the 
ured only 1 foot 4 inches. The part of | special study that is requisite for works 
the wa!l that slipped forward maintained | of the kind is abundantly proved by these 
its original batter. | serious failures. 

When the east wall was finished and| In the year 1864 it was found neces- 
backed up to nearly its full height, and | sary to extend the dock accommodation 
within a few days from the date fixed for |at Belfast. The foundation for the wall 
letting water into the dock, a subsidence| of the new Abercorn basin was firm 
of about 140 yards of the most recently | sand, sc that it was not considered 
completed portion took place. The! necessary to do more than drive in front 
movement was of a similar kind to that) of the wall a close row of sheet piles, 12 
which had occurred on the opposite side. | feet long and 6 inches thick. At the 
At the apex or breach, the wall! slipped Dufferin and Spencer docks the substrata 
forward 15 feet 6 inches, and sank 7 feet| were soft and unreliable, and 15 feet 
6 inches. The dock floor in front was | bearmg piles of round larch were intro- 
thrown up 10 feet in height for a dis-| ‘duced. Battens and sleepers were laid 
tance of about 60 feet. The breach in | on the heads of these piles, and covered 
the wall was much larger than in the) with 18 inches of concrete, on which the 

other case, and extended through the | masonry, 16 feet in width at the bottom, 
foundations. This portion of the wall | was built. These walls showed weak- 
was founded at an average depth of 9/ ness from the first. As the backing pro- 


feet below the bottom of the dock, and | ceeded, the symptoms became more seri- 
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ous. Two years after the erection of the | 
entrance to the Spencer tidal dock, a' 
length of 70 yards of the wall fell bodily 
forward into the entrance. It fell out- 
wards at the top, pivoting on its toe, and 
broke the bearing piles across about their 
middle, 6 feet or 7 feet below the bottom 
of the wall. The sleepers, concrete, and 
tops of the piles adhered to the masonry, 
which had to be removed by divers. The 
nature of the backing used, which seems 
to have exerted on the back of the wall a 
semi-fluid pressure perhaps double of 
that due to hydraulic head, together with 
the soft foundation, are enough to ac- 
count for the Belfast failures. Still the 
same question recurs: Was not the na- 
ture of these materials known before- 
hand? and should they not have been 
more skillfully dealt with ? 

Closely combined with the important 
question of the security of the founda- 
tion of hydraulic works is that of the 
true principles on which their dimensions 
should be determined. While adequate 
size is demanded by the exigencies of 
traffic, any undue or unused excess of di- 
mensions is at the same time a cause of 
increased cost and of increased risk. In 


hydraulic works the ruling dimensions 


must be determined in consistence with 
those of the craft which it is intended tu 
accommodate. As to this, the present 
course of shipbuilding is, to some extent, 
in favor of restricted rather than of in- 
creased width, although in those dimen- 
sions which provide for the length of 
craft there is advance rather than de- 
cline. The gates of the Canada Dock 
at Liverpool, 100 feet wide, were con- 
structed for paddle-box steamers. So 
great a width is not needful for a screw- 
ship. It is plain that the extreme di- 


mensions in length, breadth, and width, | 


plus a certain allowance for clearance, of 


the craft which it is designed to accom- | 


modate, should be taken as the ruling 
dimensions for hydraulic works. For 
locks, a foot or two of clearance in each 
direction may suffice; for docks, basins 
and canals, 25 per cent. of width and 
depth will hardly be too much to allow 
for clearance. Room in excess of this 
will involve waste. ‘lhe present propor- 
tions used by shipbuilders give from 
eight to ten beams to the length, and 
locks that are not in this proportion 
either for one or for a pair of vessels in- | 
Vout. XXX.—No. 1—2. 


volve great waste, both in construction 
and in supply of water. Thus the 454 
feet lock at Avonmouth could acecom- 
modate the largest vessel that is now 
likely to pass it, if it were 45 feet, or at 
the utmost, 50 feet wide. A dock en- 
tering from the tideway can hardly be 
expected to admit two vessels at a 
time, convenient as this arrangement is 
on a canal; butif two vessels, say of 38 
feet beam, were docked at the same time 
at Avonmouth, there would be a useless 
length of 50 feet or 60 feet in the lock. 

The want of intelligent foresight in the 
adoption of dimensions that shall be 
adequate, and not more than adequate, 
for the work that a structure is intended 
to facilitate, is remarkably evinced in the 
dimensions of our canal locks. Thus the 
line of canal communication between the 
water of the Thames and that of the 
Trent is made by two different lines. A 
boat arriving at Northampton by the 
Grand Junction Canal has to use the 
Grand Union Canal in order to go on to 
Leicester. But while the locks on the 
Grand Junction are 87 feet 6 inches long, 
and 15 feet wide, those on the Grand 
Union are only 78 feet long, and 7 feet 
2 inches wide. As to the width, it may 
be urged that the narrow locks will ad- 
mit a single boat, while the wide lock 
will admit either a barge or a pair of 
boats of the same width as wiil pass, 
singly, through the narrow lock. But as 
to length there is a positive discrepancy. 
A boat built for the Grand Junction 
lock will not pass through the Grand 
Union lock. A boat built for the latter, 
if it pass on the former canal, loses 10 or 
15 per cent. in capacity, and involves a 
corresponding unnecessary loss of water 
at each lockage. 

In no case is this absence of proper 
engineering consideration more conspicu- 
ous than in that of the Suez Canal. 
After an expenditure of £20,000,000 ona 
water way of eighty-eight geographical 
miles in length, extreme difficulty is felt 
in passing a traffic of 7,000,000 tons of 
shipping through the canal in a year. In 
1882, 3,198 ships, of an average tonnage 
of 2,150 tons each, made the transit of 
the canal. This is not quite nine vessels 
per day, and yet it has been decided to 
expend a million sterling on the ineffi- 
cient palliatives of intermediate basins. 
“For all steam ships, or vessels towed, 
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varying between 280 feet and 300 feet in | allowing only twelve hours in the day) it 
length,” reported the Hydrographer to| would thus take nearly two days to go 
the Navy, in February, 1870, “with 35 | through 100 miles of canal. But,as for 
feet beam, and a draught of 20 feet, it| half the time of transit, the vessels are 
will, with the improvements and appli-|in the lay-byes, the speed is reduced to 
ances earlier described, be a convenient |2$ knots, and the time of passage is ex- 
highway....For the transit of vessels tended to four days. Hence the just 
larger than those described, the canal is | complaints of the shipping trade. 
not so well adapted.” That the Indian| By the use of a scientific cross section, 
transports, of “about 400 feet long, with | of equal area to that actually excavated, 
a draught of 22 feet of water, and beam | but with revetted sides, the capacity of 
of nearly 50 feet, can pass through the the Suez Canal would have been in- 
canal is undeniable ; but no practical sea- | creased in a proportion which it may 
man need be told that in steering|seem fabulous to state. In the first 
through what may be ca'led a continuous | place two 2.000-ton vessels would have 
dock ninety miles in length, less than|been able to pass one another in any 
100 feet wide, and with nothing showing | part of the canal, the vessel which had 
above water to mark the center of it, fre- | the wind against her slacking or stop- 
quent grounding and consequent delay| ping for the time of passing. This 
may be anticipated, though every pos-| would at once raise the capacity of the 
sible care and precaution be taken. It is|canal from 30 to 200 vessels—as a line 
to be considered, also, that the midship;of ships might follow one another, in 
section of one of these vesse's bearsabout each direction, with perfect ease a mile 
an average proportion of 1 to 4 to the apart. In the second place the time 
deep water of tie canal.” /consumed in passing would have been re- 
And yet the cross section of the Suez duced by one-half; as no time would be 
Canal, according to the final determina-|lost in lay-byes. In the third place the 
tion, contains 3,862 square feet beneath | cost of propulsion would have been re- 
the water line. The midship section of ‘duced, as the hydiaulic mean depth of 
H. M.S. Warrior is 1,219 square feet.|the scientifically designed canal (the 
This is a much closer fit than the pro- | area of water divided by the wetted peri- 
portion named by the Hydrographer to | meter) which is taken by hydraulicians as 
the Navy. The Warrior made one of|a measure of resistance, is double that of 
the fastest passages on record through|the actual cross-section. And in the 
the canal, viz.,in 12 hours 50 minutes. fourth place, as a curved bottom would 
But her speed at sca was 14.35 knots per be substituted for the present flat bot- 
hour. But of the entire cross section of | tom, vessels of 4 feet more draught than 
the canal, not more, in many parts, than could pass the French canal could pass 














66 per cent. is in any way available for | 
navigation. The only function performed | 
by at least one third of the area is that of | 
allowing the water displaced by the pass- | 
age of a vessel to return to the wake of | 
the same, or that of the protection of the 
banks from wash (as to the latter, how- 
ever, revetting with stone is being par- 
tially carried out). The passage of ves- 
sels is restricted to a speed of five knots, 
and no two vessels are allowed to cross 
in the canal unless one of them be 
moored in a lay-by. 

Of these “ gares,” or passing places, 
there are fourteen. It will thus be seen 
that thirty vessels are the utmost that 
ean xt one time be in course of transit 
through the canal, viz. fifteen under 
steam and fifteen in the lay-byes or ter- 





minal basin. At five miles an hour (and 


one constructed with the true hydraulic 
cross-section. 

Important as these considerations are 
to the shareholders who have sanctioned 
the expenditure of another million for 
the construction of intermediate basins, 
which will little, if at all, increase the ac- 
tual capacity of the canal for traffic, as 
above shown, we have but little hope that 
any remonstrance expressed in the Eng- 
lish language will be likely to reach them. 
But if traffic is impeded by the contempt 
shown by politicians for hydraulic rules, 
it is to be hoped that this will not be al- 


|together the case in England. Not a 


week now passes without signs of the re- 
vival of the public interest in canals. 
What has been done in England by 
canals is now being investigated; and 
the return of a certain portion of traffic 
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now anticipated by every writer who 
touches on the subject. 

Since the days of Brindley and of Tel- 
ford great advance has been made in me- 
chanical and in hydraulic knowledge. It 
is sufficient to compare the experiments 
of Mr. Froude, as they are described in 
volume xviii. of the Transactions of the 
Institution of Naval Architects, with 
those of Mr. Palmer and Sir John Mac- 
Neill, as described in volume i. of the 
Transactions of the Institution of Civil 
Engineers, to see how much has been 
done to determine the true dimensions 
of vessels, and how little has been done 
to determine the true dimensions of 
canals. 


to these ro ai silent high roads is | 
‘cepted, the resistance to the passage of 


According to the formule now ac- 


a vessel through the Suez Canal is just 
double that which would be encountered if 
the cross section, when of the same area, 
was of abetter shape. We do not say that 
this is the case—we only say that it is so 
according to the accepted formule. But 
with millions in the course of expendi- 
ture on the waterways of Europe, is it 
not lamentable that we should have to 
look in vain for the inauguration of those 
experiments, for the guidance of the hy- 
draulic architect and engineer, of which 
every member of the profession who has 
turned his attention to the subject at 
once acknowledges the importance and 


‘deplores the absence ? 


RESISTANCE ON RAILWAY CURVES AS AN ELEMENT OF 
DANGER. 


By JOHN MACKENZIE, Assoc. M. Inst. C. E. 


From Proceedings of the 


Tue friction caused by the unequal and 


indirect action of the wheels of a loco- 
motive engine or carriage on curved rails 
is a source of additional tractional resist- 
ance, and also of a considerable amount 
of danger, from the tendency of the 
wheels to run off the rails; and itis en- 
tirely with regard to this danger that the 
subject is treated in this paper. 

On looking over the Board of Trade 
Returns of Railway Accidents for several 
years, it will be found, in most of the 
cases in which engines left the rails with- 
out a tolerably obvious cause, that the 
engines were six-wheeled with parallel 
axles, and in some cases were running at 
low speeds; indeed in one case the speed 
was so low that the centrifugal force was 
more than balanced by the cant of the 
rails, so that some other agency than 
centrifugal force was evidently at work. 

The tendency which a wheel has to 
mount the rail on a curve is evidently 
caused by the adhesion or friction be- 
tween therail and the flange of the wheel, 


and this adhesion will bear some propor- | 
tion to the side pressure with which the | 


flange is forced against the rail. In the) 


Institution of Civil Engineers. 


the rail, namely the outer leading wheel, 
this side pressure, at low speeds, is prin- 
cipally caused by the resistance which the 
treads of the wheels oppose to the slid- 
ing motion which takes place in running 
round a curve. 

Taking the case of an engine with six 
cylindrical wheels on three parallel axles, 
all coupled, the middle or driving axle be- 
ing midway between the other two: when 
such an engine is running on a curve, 
and the clearance is the least possible, so 
that the flanges of the wheels just fill 
the space between the rails, then the 
driving axle is radial, the wheels on the 
leading axle tend to run outwards, and 
those on the trailing axle to run inwards. 

The flange of the outer leading wheel 
is pressed hard against the rail. The 
flange of the inner driving wheel is 
parallel to the rail, and has of itself no 
tendency to press against it, but is kept 
close to it by the trailing wheels: the 
outer trailing wheel, although the flange 
is kept close to the rail by the outer lead- 
ing and inner driving wheels, has a tend- 
ency to leave the rail; and the inner trail- 
ing wheel, notwithstanding the tendency 


case of the wheel most likely to mount|to run against the rail, has the flange 
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kept clear of it by the outer leading and 
inner driving wheels. 


When the coning of the wheels exactly 
suits the curve, the leading wheels, and 
in this case the trailing wheels, do not 
slide along but only across the rails ; but 
the sliding of the driving wheels is in- 
creased if the wheels are coned, unless 
indeed they are coned in the opposite di- 
rection to the others. 

When the clearance between the rails 
and the flanges of the wheels is increased 
to just a sufficient extent to allow the in- 
ner trailing-wheel flange to run against 
the rail then the driving axle is not ra- 
dial, but has the inner end slightly in ad- 
vance of a radial line, and the trailing 
axle has the inner end slightly behind a 
radial line, and the sliding motions of the 
wheels take place round a point P, situ- 
ated between the driving and the trail- 
ing wheels. Jn this case the sliding of 
the trailing, as well as of the driving, 
wheels is increased if the treads of the 
wheels are conical. 

When the clearance is increased, or the 
radius of,the curve increased, to a still 
further extent sufficient to allow the in- 





gine framing acting as a lever with its 
fulcrum at the point of contact. 

The resistance which a wheel opposes 
to sliding across the rail probably does 
not differ much from its adhesion for 
traction ; and the pressure exerted by the 
leading-wheel flange to overcome this re- 
sistance or adhesion will, for each wheel, 
be approximately equal to the adhesion 
of that wheel multiplied by its distance 
from the wheel which acts as fulcrum, 
and divided by the distance of the lead- 
ing axle from the axle on which is the 
wheel acting as fulerum. These pressures 
being taken for each wheel, the sum of 
them will be the total side pressure on 
| the outer leading-wheel flange. 
| When the flange of the outer leading 
'wheel is on the point of mounting the 


rail, the tread, being relieved of pressure 
|and adhesion, need not be taken into ac- 
| count in estimating the pressure on the 
flange. 

| The distances which the several wheels 
|slide vary with the sharpness of the 
curve, but the adhesion remains constant; 
so that although the energy expended in 
causing the wheels to slide while the en- 
gine runs a certain distance along the 





ner trailing wheel to run with the flange} rails increases with the sharpness of the 
just clear of the rail. then the position | curve, the pressure in the line of the axle 
which the engine takes up on ‘the rails required to effect this sliding is nearly 
depends somewhat upon the comparative | constant, whatever may be the radius of 
loads on the wheels. The driving wheels, | the curve. The pressure exerted by the 
in following the leading wheels have flange on the rail is, however, slightly 
tendency to assume a position with their] greater than that in the line of the axle, 
axis radial; but the trailing wheels have| as that line is not at right angles to the 
the same tendency, and it is. impossible rails, and this pressure increases as the 
that both axles can be radial. If one’ secant of the angle at which the wheel 
pair of wheels is much more heavily! stands on the rails. As this angle can 
loaded than the other, the more heavily! never in practice exceed 2° 30’, and the 
loaded pair will run with the axis radial, | secant of 2° 30’ does not exceed the ra- 
but the tendency of the trailing wheels | dius by one-thousandth part of its length, 
to run forward is increased by the tend-| the additional pressure arising from in- 
ency of all the inner wheels to outrun | creasing sharpness of curve may be neg- 
the outer ones, so probably the trailing | Jeeted. 
axle is generally radial, and the sliding | On a curve the point of contact be- 
motions of the wheels take place round a) tween the outer leading-wheel flange and 
point situated where the inner wheel | the rail is in advance of a perpendicular 
touches the rail. from the wheel's axis, so that the motion 

In order to cause these sliding mo-|of the wheel at that point is downward, 
tions, the outer leading-wheel flange ex-|imparting a downward pressure to the 
erts against the rail a pressure sufficient | rail, and an upward pressure to the wheel. 
to overcome the adhesion or friction of| Thus, when the adhesion between the 
the treads of the wheels; this pressure | flange and the rail is greater than the 
being exerted directly on the leading| weight upon the wheel, the flange would 
wheels, and transmitted to the other! rise and mount the rail even if the sur- 
wheels through the medium of the en-| faces at the point of contact were ver- 











RESISTANCE ON RAILWAY CURVES. 


21 





tical; and when they are inclined (as | 
they always are), the tendency of the 
wheel to rise is augmented. 

Owing to the downward motion of the 
flange at the point of contact, the side 
pressure required to cause the flange to 
mount the rail is, not the pressure which, 
when the wheel is at rest, would force it 
over the rail in opposition to friction as 
well as to gravitation, but the very much 
smaller pressure which, when the wheel 
is at rest and the tread slightly raised 
above the rail, would cause friction suffi- 
cient to prevent its falling into its place | 
again. 

With a wheel and rail whose surfaces | 
at the point of contact do not apprecia- 
bly vary from the vertical, the wheel 
would be caused to mount the rail by a 
side pressure bearing the same propor- 
tion to the load on the wheel which the 
oad bears to the adhesion. 

When the surfaces at the point of con- 
tact are inclined (as they always are), the 
pressure required to cause the wheel to 
mount the rail diminishes rapidly as the 
angle of inclination increases ; as with an 
angle flatter than that down which the 
one surface would just slide on the other, 
the flange, if raised, would not slide back 
into its place even if there were no side 
pressure. 

When the outer leading wheel begins 
to rise, the increasing deflection of the 
spring opposes a greater resistance to its 
rising further. This tendency to rise, 
while the conical part of the flange 
touches the rail, is nearly constant so long 
as the proportion of adhesion to pressure 
is constant; but if this proportion raises 
the wheel to such an extent that the 
rounded edge of the flange begins to 
come into contact with the rounded 
corner of the rail, the tendency to rise 
increases more rapidly than the resist- 
ance of the spring, and the wheel, which 
has then passed its maximum of stability, 
mounts the rail. 

The higher tension of the spring adds 
to the load on the outer leading wheel, 
and at the same time raises the -enter of 
gravity of the engine, and alters the dis- 
tribution of the remaining weight on the 
other wheels, this redistribution varying 
with different arrangements and propor- 
tions of springs. 

It has not been proved experimentally 
whether the friction of the flange against 


the rounded corner of the rail is the 
same, in proportion to the pressure, as is 
that of the tread against the crown of 
the rail. ‘lhe surface of a cylindrical 
tread may run on a straight rail without 
any sliding motion whatever; but the 
highly inclined surface of the flange can 
never run against the rounded corner of 
the rail without some portion of even the 
very small surfaces in contact sliding. It 
is therefore possible that the flange-frie- 
tion partakes of the nature of the friction 
of a skidded wheel, or of a wheel against 
a brake-block which has been found to 
diminish at high velocities ; and this pos- 
sibility is almost rendered a probability 
-by the circumstance that, of the cases re- 
ported of engines leaving the rails, com- 
paratively few occurred at high speeds. 
This is the most doubtful part of the 
question; or rather it is the only really 
doubtful point; the rest is a mere me- 
chanical problem, but an extremely com- 
plicated one. In the absence of informa- 
tion on this point, it will be assumed that, 
at moderate velocities, the flange friction 
bears the same proportion to the press- 
ure as does the adhesion of the tread, and 
that the two vary together when the 
state of the rails varies. This being so, 
with a doubled coefficient of friction the 
side pressure on the leading-wheel flange, 
required to make the other wheels slide, 
is doubled: at the same time the propor- 
tion which the flange’s own adhesion 
bears to that side pressure is also doubled, 
so that the adhesion of the flange is four- 
fold. In other words, the tendency to 
mount the rail increases as the square of 
the fraction xepresenting the coefficient 
of adhesion; or rather it would increase 
in this ratio if the surfaces were vertical, 
but when they are inclined the ratio is 
less rapid. 

When the leading flange is lubricated, 
its friction is nearly constant, so that the 
tendency to rise increases only in the 
simple ratio of the adhesion, instead of in 
the duplicate ratio. 

It is evident that if there were no fric- 
tion between the rails and the treads and 
flanges of the wheels, the outer leading 
wheel, when running slowly on a curve, 
would have no tendency to mount the 
rail; and it is equally evident that if the 
friction were infinitely, or very, great, the 
engine would run straight forward over 
the rails. Between these extremes there 
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must be a certain proportion of friction 
which will just balance the weight on the 
wheel, and any addition to this friction 
would cause the wheel to rise over the 
rail. This differs in different engines; 
and if for any engine the proportion of 
friction which will cause it to leave the 
line is one that may occur in certain con- 
ditions of the rails, then that engine is 
dangerous in the extreme ; and any en- 
gine is so to some extent, which has not, 
in this as in other respects, a consider- 
able margin of safety. 

Captain Douglas Galton, Assoc. Inst. 
C. E., in giving the results of his experi- 
ments on the adhesion between wheels 
and rails, states that, “Un dry rails it | 
was found that the coefficient of adhesion 
of the wheels was generally over 0.20. 
In some cases it rose to 0.25 or even 
higher. On wet or greasy rails, without 
sand, it fell as low as 0.15 in one experi- | 
ment, but averaged about 0.18. With 
the use of sand on wet rails it was above 
0.20 at all times ; and when the sand was 
applied at the moment of starting, so that 
the wind of the rotating wheels did not 
tend to blow it away, it rose up to 0.35, 
and even above 0 40.” 

Thus an engine could not be considered 
safe if, when the adhesion rose to 40 per | 
cent. of the weight, the side pressure on 
the flange of the leading wheel were suf- 
ficient to prevent the flange, when raised, 
from sliding down again on the side of 
the rail. 

To apply the foregoing to the case of 
an engine which actually left the rails, 
the following example may be taken from 
the Board of Trade Returns as to railway 
accidents, where the circumstances are 
thus reported: “The branch leaves the 
main line on a curve to the right, with a 
radius of only 640 feet. There 
is a cant of 2} inches. The engine is a 
four-wheel-coupled tender engine, with a | 
wheel base of 14 feet 4 inches. The) 
weights on the three pairs of wheels| 
are— 

Tons. cwt. 
‘“‘On leading wheels 7 8 
‘‘ driving ‘ 
‘* trailing 


“The engine itself is in good order, | 
and there is no reason to attribute the ac- | 
cident to any fault in the rolling stock. | 


The speed was, no doubt, as much as 15 
miles an hour, the authorized speed, but 

‘ there is no reason for suppos- 
ing that this speed was exceeded. 

“The road did not gauge very evenly 
from the facing points southward, being 
in some places as much as ;% inch slack, 
and in others exact to gauge.” 

The Inspector goes on to say : “Iam of 
opinion that this accident was due to the 
want of a proper check-rail at this curve 
of under 10 chains radius, and to the 
somewhat slack state of the permanent 
way.” . 

Assuming that each wheel had an inde- 
pendent spring which (not to overesti- 
mate the danger) may be assumed to have 
been stiff enough to deflect only 2 inches 
with its usual load; and that the driving 
axle, with its wheels, weighed 14 tons, 
and the leading and trailing axles, with 
their wheels, 1 ton each; and that the 
outer leading wheel rose 4 inch before 
the rounded edge of the flange came into 
contact with the rail,—then this addition- 
al deflection of its spring probably in- 
creased the load on this wheel to about 4 
tons 1 ewt., and caused the remaining 
weight to be distributed on the other 
wheels somewhat as follows, namely : 

Tons. cwt. 
On the inner leading wheel..... 3 10 
‘outer driving 5 0 
inner “‘ 
outer trailing 
inner ‘“ =: 

Assuming that the inner driving- wheel 
flange was pressed against the rail, and 
also, as a preliminary, that the adhesion 
was } of the weight, the pressure exerted 
by the outer leading-wheel flange in caus- 
ing the treads of the outer wheels to 
slide on the rails (its own tread being 
lifted clear of the rail), was probably : 


Ton. 
—0.0000 


“a 
‘ 


“ce 


For the outer leading wheel 
=0.0(4.05 x 7.16 =29=N) 


‘* the inner leading wheel 
=0.2(3.5 x71.6 =25.060)+7.16=0.7000 
‘* the outer driving wheel 
==0.2(5.0 x4.916=24.580)+7.16=0.6866 
the inner driving wheel 
=0.2(5.35x0.00 = 0.000)+7.16=0.0000 
the outer trailing wheel 
=0.2(3.75x8 61 -=32.287)+7.16=0.9018 
the inner trailing wheel 
=0.2(4.00x 7.16 =28.640)+7.16=0.8000 


M= 110.567 foot-tons. 
15 44—110.567+7.16 
0.2x15.44= tons 3.0884 
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or say a little over 3 tons. 

Next, assuming that the flange formed 
an angle of 75° with » horizontal plane, 
or 15° from the vertical, then, with an 
adhesion of }, the load of 4 tons 1 ewt. 
on the outer leading wheel would pre- 
vent its rising unless forced against the 
rail by a side pressure equal to: 


4=0-2=cotangent 78° 41’; then 


Tangent (78° 41'—15° 0’) x 4.05 tons 
=2.02 x 4.05=8.18 tons or, say, 


8} tons, or nearly three times the side 
pressure which would cause the other 
wheels to slide; so that with this pro- 
portion of adhesion, there would have 
been a considerable margin of safety un- 
less other forces were at work. 

It is uncertain from the report whether 
or not the steam was shut off when the 
engine left the rails; but in order to 
leave the case as simple as possible, it will 
be assumed that it was so, and that the 





engine was exerting no tractive force. 
Taking the speed at 15 miles an hour, | 
or 22 feet per second, the centrifugal | 
force was: 
Tons. 
25.65 x 22? 
32 x 640 feet 


Ton. 
= 0.606. 
or only about 12 ewt., which was con-| 
siderably more than counteracted by the | 
cant of 24 inches; the inward force due 
to which was 


24 inches x 25°66 tons 


a = 0.97 tons. | 





or slightly exceeding 19 ewt., being about 
7 ewt. more than the centrifugal force. | 
As indicated by the loads on the wheels, | 
the center of gravity was about 4 inch | 
behind the center of the driving axle ; so, | 
assuming the inner driving-wheel flange 
to have been pressed against the rail, the 
excess of cant would have thrown on the 
outer leading-wheel flange a side pressure 
of 


86 inches : 4 inch :: 7 ewt. : 0.04. 


or about 5 lbs., which need not be taken 
into consideration. ‘To this small extent, 
however, the engine would have been less 
likely to have left the rails had it been 
running at the speed at which the cant 
would balance the centrifugal force. 





There is no probability that the engine 
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was running at the very high speed at 
which the centrifugal force, after counter- 
acting the cant, would have been suffi- 
cient to cause the flange to adhere: the 
accident cannot be accounted for under 
the conditions mentioned. 

Assuming, however, that the adhesion, 
instead of 1, or 20 per cent., had been 37 
per cent. of the weight: then in order to 
cause the other wheels to slide, the outer 
leading-wheel flange would have required 
to exert a side pressure equal to 


0.37 x 15.44=5.7 tons. 


or about 5 tons 14 ewt.; and this side 
pressure is just equal to that which, with 
37 per cent. of adhesion, would causé 
the flange to adhere and rise over the 
rail, namely, 


0.37 being cotangent of 69° 42’, 


Tangent (69° 42’—15°) x 4.05 tons 
=1.41 x 4.05=5.7 tons, 5 tons 14 ewt. 


Thus the accident might have been 
caused by the rails being in such a con- 
dition that the adhesion was 37 per cent. 
of the weight, assuming that it happened 
at a place where the gauge was suffi- 


ciently tight to allow the flange of the 
inner driving wheel to come into contact 
|with the rail before that of the inner 


trailing wheel. This might have been 
the case, as the curvature of the rail in 
the length of the wheel base amounted to 
about 4 inch. 

The tractive force, the centrifugal 
force, and the cant have been left out of 
consideration, as their effect in this case 
was so small as hardly to influence the 
result. 

It may have been noticed that the co- 
efficient of the friction which would just 


cause the flange to adhere and mount the 


rail was assumed to be 37 per cent. in 
order more easily to explain the process 
of calculation, as the formula for ascer- 
taining this coefficient is somewhat long, 
though quite elementary, being 


N _ — 
M+N M-N 
)x v(3 = a* 2 ) 
= +N ae El 
2 cos a 2 
= coefficient, 


M+N 
2cosa 





(tam ax M+ 
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where N=product of the weight on the 
outer leading wheel multiplied 
by its distance from the wheel 
acting as fulcrum. 


M=sum of the similar products of 
all the other wheels ; and 


a=angle formed by the working | 
face of the flange and the plane 
of the wheel. 


In the case in question— 
N=29 foot-lbs. 
M=110.567 foot-lbs. 
a=15°; and 

29 
(tan 15° x 69.78) 


69.78 69.78 

+ sa) (2% a) 
Vv cos 15° + 40-78) x (— iss 7° 
=0.37. 





Inrivence or Distrisution or Loap on 


| 


The foregoing case was selected for an 

example as being comparatively free from 
disturbing elements, and not on account 
of the percentage of friction causing the 
engine to leave the rails being exception- 
ally low. In another accident reported on, 
adhesion would have been less than 36 
per cent. if the engine had been tight to 
gauge and about 46 per cent, if slack. In 
this last case the Inspector considered 
that the accident was due partly to some 
defect in the permanent way, and partly 
to the load on the wheel which left the 
rail being less than on the other wheels, 
the load on the leading wheels being 8 
tons 12 ewt., on the driving wheels 12 
tons 13 ewt., and on the trailing wheels 
10 tons. . 

The following tables are calculated, as 
far as possible, exactly in a similar man- 
ner to the case given as an example, and 

are merely intended to indicate the com- 


THE COEFFICIENT OF DERAILING ADHESION. 





Tight to Gauge, with Inner 
riving-wheel Flange 


Normal Load on | 
touching Rail. 


Nl 

‘Slack to Gauge, with Inner Trailing- 

| wheel Flange touching Rail; or 
with Flangeless Driving Wheels. 





erailing 
g 
langes, 


Leading Axle. 
Driving Axle. 
Trailing Axle. 
Adhesion. 
Adhesion with F 
lubricated. 


Coefficient of D 
Additional Tractional Re- 


Coefficient of Derailin 


| 
| 


g 
g 


| 
| 
| 
| 


| 


with Flanges 


Adhesion. 


per ton, with adhesion 
one-fifth of load. 


one-fifth of load. 
sistance due to curve of 
5 chains radius, in lbs. 


sistance due to curve of 
5 chains radius, in Ibs. 
per ton, with adhesion 
Coefficient of Derailin 
Adhesion, 

lubricated. 


Additional Tractional Re- 


Coefficient of Derailin 





Tons.| Tons. 
| 28 
| 26 
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With these loads the adhesion of 
the driving wheels prevents 
the trailing-wheel flange from 
touching the rail. 


or 
cs 
Ae 


or 
ro) 
® 

[ ape: 


9.56 
9.85 
10.11 
10.50 
10.84 
11.238 
11.35 
11.79 
11.99 
9.85 
9.92 
9.89 
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INFLUENCE OF THE WipTtH oF GAUGE ON 
THE DerarLinac ADHESION. 


| 
\Coefficient of Derailing Adhesion. 
| 


Slack to Gauge, 
[Tight to Gauge, with Inner Trail- 
with Inner Driv-ing-wheelFlange 
‘ing-wheelFlange touching Rail, 
jtouching theor with flange- 
Rail. less Driving 
Wheels. 


Width of 
Gauge. 


| 
| 
- — _ ———-—+ 
Feet. Inches.| 


wwrocor 
SSSUEa 


“ Ramer 
oososs 


~~] 
o 





| 
| 


INFLUENCE OF THE Lenat or WHEEL-BASE 
ON Derartinc ADHESION ON A CurVE OF 5 
Cuarns (330 reer) Raptivs. 


| 
Coeflicient of Derailing Adhesion. 


| 

Slack to Gauge, 

Length of |Tight to Gauge,'with Inner Trail- 

Wheel-base. |with Inner Driv- ing-wheelF lange 
‘ing-wheelFlange touching Rail, 
touching theor with flange- 
Rail. less Driving 
Wheels. 


0.20 
0.29 
0 41 
0.49 
0.50 
0.52 
0.53 
52 
52 
50 
48 


"20 


999929290202920 
SSSSSRSSRSR8° 





parative influences which variations in 
the proportions of an engine have in in- 
creasing or diminishing its tendency to 
leave the rails. These influences are 
measured by the coefficient of the friction 
which will just cause the flange of the 
outer leading wheel to adhere and mount 
the rail, referred to in the tables as the 
“ coefficient of derailing adhesion.” 





INFLUENCE OF THE NuMBER OF WHEELS 
ON THE DERAILING ADHESION. 





| 

(Coefficient of Derailing Adhesion. 
| | 
‘Tight to Gauge, 

‘with the Flange 

fof the Inner 
|Wheel in the 
jmiddle, or near- 

jest the middle, 

of the length 
touching the 
Rail. 


Number o 
Wheels. Slack to 


Gauge. 


4 0 
6 0. 
8 0. 
10 0.3 
18 0 





It will be noticed that the danger is greatest 
in engines which have an axle in the middle of 
the length of their wheel-base. 


INFLUENCE OF THE ANGLE OF FLANGE ON 
THE DERAILING ADHESION 
(Coefficient of Derailing Adhesion. 
Complement)_ 
of the Angle} 
between the Slack to Gauge, 
working face Tight to Gauge, with Inner Trail- 
of the Flange with Inner Driv- ing-wheelFlange 
and a_hori-ing-wheelFlange touching Rail, 
zontal Plane.tocuching theor with flange- 
Rail. less Driving 
Wheels. 


© Co ce or 
SESSEES 


The engine is supposed in all cases to 
weigh 30 tons. Where not otherwise 
stated, and not inconsistent with the 
other particulars, this weight is consid- 
ered, when the wheels are level, to be 
equally distributed on the treads of six 
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coupled wheels 4 feet in diameter; the 
leading axle with its wheels weighing 1 
ton, the driving axle and wheels 1} ton, 
and the trailing axle and wheels 1 ton, 
the deflection of each of the springs with 
its ordinary load being 2 inches. The 
load stated in the tables is this normal 
load, and not the load as altered by the 
rising of the outer leading wheel; but 
the alteration caused by this rising is al- 
lowed for as before. 

Similarly the wheel base is taken as 15 
feet, the gauge 4 feet 84 inches, the angle 
between the face of the flange and the 
plane of the wheel 15°, and the treads of 
the wheels are assumed to be cylindrical. 

In most cases the circumstances differ 
from the above in one particular only. 

When described as “tight to gauge, 
the curve and clearance are supposed to 
be such that the inner driving-wheel | 
flange touches the rail. Where described | 
as “slack to gauge,” the curve is sup- 
posed to be easy enough, or the clear- | 
ance and end play of the bearings to be! 








ing wheels, the less is the ana of ae 
ing the rails at low speeds. 

3. That when tight to gauge the dan- 
ger is increased to the greatest extent by 
augmenting the load on the trailing 
wheels, at low speeds. 

4. That when slack to gauge, or the 
driving wheels flangeless, or the radius 
of the curve large, the greatest danger is 
brought about by increasing the load on 
the driving whee!s 

5. That the danger increases when the 
radius of the curve decreases ; but at low 
speeds, the danger increases very slowly, 
until the curvature becomes such that 
the inner driving-wheel flange is brought 


/into contact with the rail, when the dan- 


preases suddenly; and the danger 





"lis ee by tightness of gauge. 


“Phat this sudden increase of danger 
1is Bene by making the driving wheels 
| flangeless ; and that flanges on the driv- 


jing fy wy are worse than useless. 


That the danger increases when the 
gauge is widened in proportion to the 


sufficiently great, to allow the inner trail- | length of the whecl-base. 


ing-wheel “flange to touch the rail; or the| 


driving wheels are supposed to be flange-| 

less, which would have the same effect. 
As it is particularly desired to avoid | 

exaggerating the danger, the circum- 


stances as above stated are perhaps rather | 


more favorable than would usually exist; 
for instance, the springs would gener: ally, 
be deflected more than 2 ine hes, and the | 


8. The danger of leaving the rails di- 
minishes when the length ‘of wheel-base 
lincreases in proportion to the width of 
gauge; but when the length of wheel- 
base increases in proportion to the ra- 
dius of the curve, the danger increases ; 
so'that there is a certain length of wheel- 
base giving a minimum cf ‘danger: but 
within the limits of practice, the lo nger 


angle of most flanges probably exceeds; the wheel-base, the less the danger of 
15°. The centrifugal force also would | leaving the rails. Nevertheless the trae- 
generally increase the te ndency to mount| tional resistance always increases with 
the rail, and in some cases this tendency | the whee!-base. 


would be increased by high winds und by | 


oscillations. 


9. The danger is increased by inereas- 
‘ing the number of wheels; but the trac- 


In most cases the proportions are car- ‘tional resistance diminishes when the 
ried, in the tables, to their extreme limit! number of wheels is increased. 


in one direction, being that at which the 


10. That the danger increases when 


derailing adhesion becomes less than one-| the angle formed by. the working side of 
fifth of the load, or 0.20. As might’ the flange and the plane of the ‘wheel in- 
have been expected, this limit is gener-! creases beyond that necessary to keep 
ally far beyond what occurs in practice. ; the rounded edge of the flange clear of 


Restricting the subject strictly to six-| 


the rail on the sharpest curve it has to 


wheeled engines with parallel axles, and’ run on. 


referring to such engines only, the follow- | 





11. That the danger is increased by 


ing inferences may be drawn from the’ enlarging the diameter of the leading 


foregoing remarks : 


ix 


That the danger is increased by di- 


1. That the danger of leaving the rails | sintahinn the projection of the flange. 


increases when the. adhesion increases. 


13. That the danger is increased by 


2. That the greater the portion of the making the springs of the leading wheels 


weight of the engine resting on the lead-. 


.more flexible. 
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14. That the danger is considerably di- 
minished by lubricating the flanges of 
the leading wheels ; and increased by ap- 
plying sand to these wheels. 

15. That, when the center of gravity is 
behind the driving axle, the danger is in- 
creased by an excess of super-elevation 
of the outer rail beyond that required to 
counteract the centrifugal force. 

16. That the danger may be increased 
by shutting off steam and reducing speed 
while running on a curve. 

17. That, although one engine or car- 
riage may run round a curve with less 
tractional resistance than another, it is 
not therefore necessarily in less danger 
of leaving the rails. In many cases it is 
quite the reverse. 

Lastly. That, assuming an adhesion of 
40 per cent. of the weight to be possible, 
some engines of not unusual proportions 
have, as regards leaving the rails, a very 
narrow margin of safety : so narrow that, 
in any other matter connected with the 
running of a train, a similar margin of 
safety would be considered insufticient. 





Appenpix I. 


The paper was suggested by an unin- 
tentional experiment, in which the 
springs of the driving wheels of a six- 
wheeled engine were tightened to in- 
crease the available adhesion. This was 





overdone, and when the engine was 
pushed slowly along to remove it to} 
another line of rails, the leading-wheel 
flange, on coming to a curve, mounted 
the rail. The springs were then slack- 
ened back to their old bearings, and the 
engine ran safely afterwards, as it had! 
done before. The raits were dry, and 

owing to the nature of the ground they 
were in places sprinkled with sand, so 
that probably the adhesion was great in 
proportion to the weight. 

This incident seemed not only to point 
to the recognized necessity of having a/| 
considerable portion of the weight of a/| 
six-wheeled engine resting on the leading | 
wheels, or ratlier the outer one of them, | 


° | 
to guide the other wheels around a curve, | 
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ing this limit of safety would be by direct 
experiment ; but an exhaustive series of 
such experiments would be an undertak- 
ing which would require the resources 
of a railway company. 

In the absence of such experiments, 
and to afford an opportunity for prelim- 
inary discussion, it may therefore be ad- 
visable to attempt to estimate this limit 
of safety by inferences from experiments 
made for other purposes, and from the 
experience of accidents recorded in the 
Board of Trade Returns. 

The subject is not devoid of public in- 
terest, as, according to the Board of 
Trade Returns of Railway Accidents in 
1880, the deaths of passengers resulting 
from “ passenger trains, or parts of pas- 
senger trains, leaving the rails,” were 
mor@ numerous than those from any 
other class of accident enumerated in the 
summary at p. 3. 


Appenpix IT. 


A single narrow wheel rolling freely 
on 2 level surface at low speed runs in a 
straight line ; but it is turned out of that 
line so as to run in a curve by an ex- 
tremely small force; and, when the axis 
is kept in the direction of a radius to any 
curve, the wheel traverses that curve 
with very little resistance. Two wheels 
of the same size, keyed fast on the ends 
of the sume axle, roll, upon a flat surface, 
in a straight line at right angles to their 
axis; and they cannot be turned out of 
that line without causing one wheel to 
slide backwards or forwards. When only 
the outer one of two such wheels is 
guided around a curve by a rail the inner 
wheel outruns the outer until the axle 
becomes parallel with the rail, or at such 
angle that the wheels cease to revolve. 
To enable two wheels on the same axle 
to run around a curve without sliding, it 
is necessary to make one of them larger 
than the other, or to make one or both of 
them loose on the axle. 

Two wheels, mounted one in front of 
the other (as in a bicycle), on parallel 
axles, also roll in a straight line at right 


but also to suggest that it would be de- angles to their axes, and any deviation 
sirable to ascertain the limit of safety in|from this straight line can only be ac- 
this respect, as it xppeared possib‘e that, | complished by causing one wheel to slide 
in practice, this limit is sometimes ex-| sideways. If two such wheels on paral- 
ceeded, and may account for many hith-|lel axles are caused to run in a curve by 
erto unexplained accidents. a rail or guide acting on the front wheel, 

The most satisfactory way of ascertain-|that wheel on first entering the curve 
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slides sideways in an inward direction 
toward the center of the curve, but still 
with a direction giving it a tendency to 
run outwards. The hind wheel by this 
motion is turned inwards, until the axis 
assumes a radial direction, when it fol- 
lows the front wheel, though not exactly in 
the same track, being nearer to the center 
of the circle. This seems to be the only 
combination of equal and parallel wheels 
in which, the front wheel being guided in 
a curve, the other or others take up a defi- 
nite relative position. whether they are 
loaded equally or unequally. In all 
other combinations, the positions of the 
wheels depend upon their loads and the 
state of the surfaces as regards friction, 
owing to the sometimes conflicting ten- 
dencies of all the wheels, except the front 
ones, to run with their axles radial} and 
of all the inner wheels to outrun the cor- 
responding outer ones. 

‘To allow two wheels, one in front of 
the other, to travel around a curve with- 
out slipping, the axles must be made to 
converge towards the center of that 
curve. When three wheels, on the same 
plane, are mounted on parallel axles, and 
the front wheel is caused to move in a 
circle, the middle and hind wheels have 
each a tendency to run with its axis in a 
radial direction; but as it is impossible 
that they can both do this, they take up 
positions such that their plane forms a 
tangent to the curve, either at the more 
heavily loaded of the two wheels, or at a 
point somewhere between them, nearer 
to the more heavily loaded wheel. Thus 
a carriage on four or more equal wheels, 
fixed on two or more parallel axles, will, 
on a plane surface, run in a straight line, 
and can only be turned out of that line 
by at least two of the wheels being 
made to slide backwards and forwards, 
and at least two to slide sideways, one of 
which is at the same time sliding back- 
wards or forwards ; so that at least three 
wheels (or rather all the wheels but one) 
must be sliding. 

As stated in a former discussion, “ A 
model carriage, having two pairs of 
wheels fixed on parallel axles, the diam- 
eter of the wheels on one side of the car- 
riage being less than those on the other 
side—this model carriage being placed 
on a board, and one end of the board 
lifted until gravity caused the carriage to 
ruu down—it was found that the cariiage 
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ran straight, and not, as ‘wae Bains 
been expected, in a curve.” This, how- 
ever,-is the case only when the carriage 
has a comparatively long wheel-base. 
When the wheel-base is less than the 
width between the wheels, the carriage 
travels in a curve. The shorter the 
wheel-base, the more nearly does the 
curve seem to approach that proper to 
the cone formed by a pair of wheels, and 
the carriage turns in this direction even 
although the wheel-base is longer on the 
side next the small wheels than on the 
other side. The model thus seems to 
travel in the direction which causes the 
smallest amount of sliding, whether this 
sliding takes place in the direction of the 
planes of the wheels, or of their axes; 
that is to say, along or across the rails. 
Therefore, in a carriage or engine with a 
long wheel-base. it would be a greater 
advantage to have the axles radiate than 
the wheels tu run loose on the axles; 
while, with a broad gange and a very 
short wheel-base, it would be better to 
have loose wheels than radiating axles. 
This is more evident if the proportions of 
wheel-base and gauge are carried to their 
extreme limits. 

Suppose the wheel-base of a four- 
wheeled carriage to be the longest pos- 
sible, namely nearly equal to twice the 
radius of the curve on which it runs, and 
the gauge to be very narrow, then, if the 
axles are parallel, the wheels will be 
nearly at right angles to the rails. and 
will not roll, their whole motion being 
sliding sideways; while, if the axles are 
radial, the wheels on each, though of the 
same size, being close together, will roll 
around the curve without much friction. 

Suppose the gauge to be the widest 
possible, namely nearly equal to the ra- 
dius of the curve, and the wheel-base ex- 
tremely short, then the axles will be so 
nearly radial, that the wheels will roll 
around the curve with very little sliding 
in the direction of their axes, or across 
the rails; but if they are all of one size, 
to enable them to.run without an exces- 
sive amount of sliding in the direction of 
the rails, they would require to be made 
loose on their axles, since the inner 
wheels, being close to the center of the 
curve, have hardly any distance to travel, 
and so hardly need revolve. 

When a carriage or engine with four 
equals on two parallel axles is running on 
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a curve at slow speed (or at such speed 
that the cant of the rails balances the 
centrifugal force), the carriage not being 
attached to a train, and there being no 
play between the flanges of the wheels 
and the rails, then both axles are parallel 
to a radius half-way between them, and 
none of the wheels are parallel with the 
rails on which they run, the leading 
wheels standing across the rail in a di- 
rection giving them a tendency to run 
outwards, and the trailing wheels at an 
equal angle in the opposite direction, 
with a tendency to run inwards. Sup- 
pose, now, the flanges were removed 
from all the wheels, the carriage would 
run straight forwards at a tangent to the 
curve, and the path traced by the rail on 
the circumference of each wheel would, 
for a short distance, be a helix or screw, 
with an obliquity or pitch corresponding 
with the angle formed by the wheel and 
rail. If the helix is right hand in the 
case of the leading wheels, it will be left 
hand in that of the trailing wheels. The 


wheels, however, being prevented by 
their flanges from running straight on, 
slide across the rails to the extent of the 
pitch of the helix during each revolution, 
the leading wheels sliding inwards to- 


wards the center of the curve, and the 
trailing wheels outwards. The flange of 
the outer leading wheel is thus forced 
against the rail by a pressure sufficient 
to cause both the leading wheels to slide 
inwards across the rails; and the flange 
of the inner trailing wheel is acted on by 
a pressure sufficient to cause both trail- 
ing wheels to slide outwards across the 
rails. 

Owing to the difference of the lengths 
of the inner and outer rails, either the 
wheels on the inner rail, besides sliding 
across the rail, will also slide backwards, 
or those on the outer rail forwards. The 
former is probably the case in ordinary 
working, when an engine with all wheels 
coupled is dragging a load, and the lat- 
ter when running by momentum or down 
an incline with steam shut off. For the 
present purpose, however, it is only 
necessary to consider which will be the 
case when the flange of the outer leading 
wheel is in the act of mounting the rail. 
At that time, the whole of the load on 
that wheel is borne by the adhesion of 
its flange, and the tread is relieved of all 
load and adhesion, so that the wheel is 





running on a diameter larger than that 
of the tread, and larger, on almost any 
curve, to a sufficient extent to allow the 
inner wheel to revolve at the speed due 
to its tread, running on the shorter 
length of the inner rail. If all the wheels 
are coupled, the inner trailing wheel also 
revolves at the speed due to its tread, 
leaving the outer trailing wheel revolving 
at a speed slower than that due to its 
tread, running on the greater length of 
the outer rail. In this case it is probable 
that this one wheel slides forward on the 
rail, the whole of the wheels thus revolv- 
ing at the speed due to their treads, travel- 
ing over the length of the inner rail. 

The outer leading wheel thus slides 
forwards, and at the same time inwards 
across the rail; the inner leading wheel 
slides only inwards across the rail; the 
outer trailing wheel slides forwards and 
outwards across the rail; the inner trail- 
ing wheel slides only outwards across the 
rail. The sliding motions of the wheels 
are thus similar to those which would 
take place if the engine, without moving 
forwards, revolved horizontally about a 
center situated half way between the two 
inner wheels; and the distance which 
any wheel slides along and across the 
rail while the engine makes a complete 
revolution, is the same, or nearly the 
same, as that which it slides while the 
engine is running around a complete 
circle of any diameter, however large. 
Thus the energy expended in overcoming 
the friction of the treads of the wheels 
in going around a circle is a constant 
quantity, whatever may be the size of 
that circle. From this it follows that, as 
generally admitted, the additional trac- 
tional resistance due to that friction 
varies inversely as the radius of the 
curve; but it does not follow that the 
tendency to leave the rails increases in 
anything like this ratio. 

When, by the force of traction, the in- 
ner wheels are cavsed to slide backwards, 
the sliding motions of the wheels will 
take place around a point situated be- 
tween the two outer instead of the inner 
wheels. 

Again, when the clearance between the 
flanges of the wheels and the rails is suf- 
ficient, the trailing axle runs forwards un- 
til it assumes nearly the direction of a 
radius to the curve. It may be slightly 
in advance of this position, or slightly 
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behind it, the precise position depending 
upon the comparative loads on the wheels. 
and the proportion of wheel-base to 
gauge. In this case, supposing as before 
that the outer wheels slide forwards, the 
outer leading wheel slides inwards across 
the rail and at the same time forwards ; 
the inner leading wheel slides only inwards 
across the rail; the outer trailing wheel 
slides only forwards; and the inner trail- 
ing wheel does not slide at all. The 
sliding motions of the wheels on the rails 
are thus nearly the same as those which 
would take place if the engine revolved 
about the inner trailing wheel. The 
flange of the inner trailing wheel is thus 
relieved of all side pressure, and the 
only flange pressing against the rail is 
that of the outer leading wheel, which 
must thus exert the whole of the side 
pressure required to cause the sliding of 
its own wheel, of the inner leading wheel, 
and of the outer trailing wheel. The 
leading wheels now run at a greater angle 
with the rails than they did when the 
gauge \.as tight; and the distance which 
the wheels slide in going around a 
circle is greater. 

A carriage with four, six, or more 
wheels on parallel axles, does not abso- 
lutely require flanges on any except the 
leading wheels, which being thus guided, 
the other wheels will follow them, and, 
if wide enough, will keep on the rails. 

Thus, when there is clearance enough, 
or the curve is easy, the whole of thé 
flange friction comes on the outer leading 
wheel. 


Appenpix III. 


In the case of a six-wheeled engine 
running, without exerting tractive force, 
with the inner driving-wheel flange in 
contact with the rail, it is even more 
probable than in the case of a four- 
wheeled engine, that the outer wheels 
‘slide forwards, and that the inner ones 
do not slide backwards. Assuming the 
wheels to be nearly equally loaded, the 
weight upon the driving wheels is not 
sufficient to enable their adhesion to 
cause them to form a fulcrum to move 
the trailing wheels across the rails. Thus, 
the inner driving-wheel flange is pressed 
against the rail, causing additional adhe- 
sion, to overcome which, in the event of 











the inner driving wheel sliding back- 
wards, an additional pressure would be 
exerted by the flange of the outer lead- 
ing wheel. This, in turn, causes an ad- 
ditional pressure on the inner driving- 
wheel flange, so that the two wheels act 
and react upon each other, and the side 
pressure on the inner driving-wheel 
flange causes the adhesion of that wheel 
to be greater than that of the outer one. 


Avpenprix IV. 


With a tire having a flat or conical 
flange sharply joined to a cylindrical or 
slightly conical tread, or with almost any 
tire running on arail considerably round- 
ed on the top, there are two points of 
contact, one between the top of the rail 
and the tread vertically under the wheel’s 
axis, and the other between the side of 
the rail and the flange some distance in 
advance of the axis when running to- 
wards the rail on a curve. 

With a tire whose flange is joined to the 
tread by a curve of considerably greater 
radius than that of the rounded corner of 
the rail, or with almost any tire running 
ona flat-topped rail, the two points of 
contact merge into one when the wheel 
is running towards the rail on any ordi- 
nary curve, the wheel resting on the 
rounded corner of the rail at some point 
determined by the proportion of weight 
to side pressure, and this point is slightly 
in advance of a perpendicular from the 
wheel's axis. In this latter case flange- 
friction can hardly be said to have a sep- 
arate existence. 


AppeENDIX V. 


Had the engine been exerting a con- 
siderable amount of tractive force, the 
case would have been altered, perhaps, 
somewhat as follows: The tractive force 
being, as regards the adhesion of the 
wheels, equivalent to a strain pulling the 
wheels backwards, the inner driving and 
trailing wheels would slide backwards, 
instead of the outer ones forwards. The 
backward pull would therefore relieve 
the outer leading wheel of the side press- 
ure required to effect the longitudinal 
sliding motion, leaving only that required 
to effect the cross sliding. This press- 
ure would thus be reduced : 


Oe Me iii a Ci 





For the outer leading whee! 
0.0(4.05 x 7.16=29=N) 
For the inner leading wheel 
0.2(3.5 » 7.16=25.060)+7.16=0.70 
For the outer driving wheel =0.0 
For the inner driving wheel 
For the outer trailing wheel 
0.2(3.75 x 7.16) 
For the inner trailing wheel 
0.2(4.0 x 7.16) 


=0.0 


0.0 
+7.16=0.75 
+7.16=0.80 


Tons 2.25 


Assuming, however, that the drag-liak 
was attached to the engine at a consider- 
able distance behind the driving axle, 
then the backward pull would give this 
purt of the train a tendency to straighten 
out, and so increase the side pressure on 
the outer leading wheel. Assuming the 
backward pull to be equal to one-fifth of 
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the weight of the engine, or? = 5.13 


tons, acting at 11 feet behind the driving 
axle, where the coupling would form an 
angle of about 179° with the center line 
of the engine, it would cause an inward 
pressure at the coupling of 5.13 xsin. 


/179°=0.089 ton, which, supposing the 


engine to be revolving about either driv- 
ing wheel, would cause an additional out- 
ward pressure on the outer leading- 
0.089X11 feet_ 5 14 ; 
— 
which, added to 2.25 tons brings up the 
pressure to only 2.39 tons. ‘Thus the 
side pressure on the outer leading-wheel 
flange is considerably less When an en- 
gine is exerting its tractive force, than 
when running with steam shut off. 


wheel flauge of 


THE SUEZ CANAL—ITS ENGINEERING, COMMERCIAL, AND 
POLITICAL ASPECTS. 


By Lizvurt.-Gen. F. H. RUNDALL, C.S.1., R.E., late Inspector-General to the Government of India. 


From the “Journal of the Society of Arts.” 


Tae Suez Canal has of late occupied, 
and is still occupying largely, the atten- 
tion of all Enrope—and, perhaps it may 
not be too much to say, of the whole 
civilized world. At the same time not- 
withstanding so much has been written 
and talked of about it, beyond the fact 
of its being the great thoroughfare to 
India for the ships of all the Western na- 
tions, but little comparatively regarding 
it is known to the public generally. 

The mercantile world, and those more 
particularly interested in the Canal, can 
of course obtain from the Parliamentary 
Blue-books a mass of important informa- 
tion and statistics not otherwise available, 
more especially as regards the official 
negotiations which have passed between 
the various Governments in reference to 
the commercial and political aspects of 
the undertaking. But Blue-books are 
not attractive reading, even to those who 
have leisure, while business men seldom 
have time sufficient to devote to their 
study. The Society of Arts, therefore, 
being desirous of procuring a succinct, 
and at the same time correct and com- 
prehensive, account of the Suez Canal in 


all its aspects, an endeavor is made, in the 
following remarks, to meet that desire, 
by collating, from official and other 
publications, the most important of the 
particulars available, and, at the same 
time, to consider the various bearings of 
2 question which is now attracting such 
universal attention, and which is gener- 
ally felt to be of primary importance to 
England at the present time. 

The Suez Canil has to be viewed in 
three aspects : 

1. As an engineering work. 

2. As a commercial undertaking. 

3. As a political problem. 

Before commencing to discuss these 
three points in detail, I propose to give a 
short history of the scheme, from the 
period of its first incubation, to its pres- 
ent stage of development. 

The first idea, in modern times, of con- 
necting the Mediterranean with the Red 
sea seems to have originated with Napo- 
leon I., but before he could give any 
practical shape to that idea, the Emperor 
had to evacuate Egypt. 

Nothing further was attempted till the 
year 1842, when Captain James Vetch, of 
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the Royal Engineers, published a pam- | 


phiet, in which he indicated the direction | 


acanal should take across the Isthmus, and | 


‘fabric in ruins. Iti is, to say the ace a 
curious coincidence that, ere India had re- 
covered from the throes of that convul- 


its vast importance to this country; but | Sion, an enterprise like the Suez Canal, 
the Government of the day were opposed originated by private speculators, and 


to the construction of any canal, and 
Captain Vetch’s suggestions fell to the 
ground. Subsequently, in the year 1846, 
a Commission of engineers assembled to 
discuss certain proposals, which, how- 
ever—beyond exposing the error as to a 
difference of level of thirty feet between 
the Mediterranean and Red Sea—came 
to nothing, and so the subject dropped 
until 1854, when it was revived by Mon- 
sieur de Lesseps putting forward his 
project for a direct canal between the two 
seas. His proposals met with consider- 
able opposition in England, strangely 
enough from commercial authorities, who 
foresaw the total revolution that would 
be made in the carrying trade, but who 
were apparently unable to appreciate or 
believe in the enormous advantage that 
would accrue to them from such a revolu- 
tion. But there was likewise a formid- 
able political opposition, based on certain 
objections which the Government of the 
day foresaw would, unless duly safe- 
guarded, be likely to give rise to con- 
siderable difficulties in the future. That 


those objections were not destitute of 
foundation, every statesman of the pres- 
ent day will readily admit; and the difli- 
culties which are now attendant on cur- 


rent negotiations only too _ plainly 
indicate that a scheme which at first 
apparently concerned only a small body 
of speculators, has turned out to be a 
political problem, perplexing more or 
less the whole continent of Zurope; but 
the difficult task of solving which has, 
by a general consensus of opinion, de- 
volved, and rightly so, upon England. 
This phenomenon is not without its 
prototype. Our Eastern Empire, as is 
well known, had its first beginnings in the 
ventures of a few enterprising mer rchants, 
whose marvelous prosperity, in spite of 
themselves, raised the East India Com- 
pany to the highest importance as a 
political factor, stimulated its acquisitive 
energy until its operations got beyond 
control, and the Merchant-princes of the 
East found themselves overturned in the 
great convulsion which, in 1857, shook 
the Empire to its foundations, and so 
nearly involved the whole of the gigantic 





the interests and prosperity of which are 
so closely dependent on those of India, 
should be started into existence, and, 
after nearly foundering, should, in a 
brief. time, enter on such a career of 
prosperity, become a link between gigan- 
tic interests, and in its turn rise to bean 
important factor in the political world ; 
and what is stranger still, instead of prov- 
ing, as was anticipated, a spear for pierc- 
ing its armor, it has been converted into 
the first line of defence for England—a 
veritable covered way for safe-guarding 
its Kastern possessions! Is the parallel 
to be pursued any further? Doubtless 
the projector would exclaim, “ Dit omen 
avertant |” 

But to return to the history. In 1859, 
Monsi¢ur de Lesseps’ scheme was actu- 
ally begun, and after successfully com- 
bating many difficulties, both physical 
and political, the Canal, though incom- 
plete, was finally opened from sea to sea 
ten years afterwards, in the year 1869, 
with great pomp and ceremony, in the 
presence of a brilliant Imperial assem- 
blage. From 1869, to the present time, 
the Canal has been in constant use, with- 
out a day’s intermission. Its career has 
not been altogether unchequered ; but it 
has emerged from its difficulties, and has 
now reached a pitch of prosperity ex- 
ceeding the most sanguine expectations 
of its projector. 

To pass on to the consideration of the 
Canal as an engineering work. It is un- 
necessary, as well as out of place here, 
to enter into minute details of construc- 
tion, and therefore only its most general 
features will be brought under review. 
There is little room to doubt but that the 
engineers who were entrusted with the 
surveys, selected, on the whole, the most 
favorable line for the Canal, as regards 
economy of first construction. The en- 
trance from the Mediterranean is between 
two long piers, or moles, run out from 
the coast, with the idea partly of creat- 
ing a species of harbor, in which vessels 
approaching the Canal might lie in quiet 
water. The western mole, however, was 
also intended to serve as a protection 
against the entrance becoming silted by 
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the Nile deposit, which is transported 
during the floods of that river in enor- 
mous quantities along the coast for many 
miles. 

It may be open to comment whether, 
instead of placing the entrance from the 
Mediterranean at Port Said, it might not 
have been better made more to the east- 
ward, and further removed from the in- 
fluence of the silt-laden waters of the 
Nile. It is said that the difficulties con- 
nected with the silt deposit at that en- 
trance have been overcome, but that as 
sertion must be received with caution ; 
for it is quite certain that the coast line 
between the Damietta mouth and near 
the Canal has advanced considerably, 
while the 5-fathom line had receded, as 
noticed in Sir John Stoke's Report in 
1874, 1,200 yards in three years. 
diagram on the wall is on too small a 
seale to show the present position of that 
line, and the rate at which the interven- 
ing space is being filled up, or how far the 
statements of Monsieur Lemasson, the 
French enginecr, are borne out, as to the 
effect that a deposit of 74 million eubic 
meters per annum was likely to produce. 
The western mole has, it is believed, now 
reached a length of nearly 3,000 yards, 
and to where the 5-fathom line used to 
lie. Of course, as deeper water is reached, 
the process of silting up will become 
slower, but that it cannot be wholly ar- 
rested by mere extensions of the western 
pier, though accompanied by dredging, is 
incontrovertible. Hence it may be ad- 
mitted that the further the entrance 
could have been removed to the eastward, 
the less inconvenience would have been 
experienced from the translation of the 
Nile deposits. 

With the exception of some unneces- 
sary curves, especially that near the town 
of Ismailia, the general alignment of the 
Canal is satisfactory ; but since the traffic 
began to increase, the mistake of making 
those curves "has become apparent. It 
must be admitted, however, that the mis- 
take has been aggravated rather by the 
continually increasing length given to 
vessels which have been (and are still be- 
ing) built for the navigation of the Canal. 


The total length of the line from Port. 
Said to Suez measures 88 geographical, | 


or 100 land miles, of which 39 miles only 

are in cuttings through land, the other 

61 miles running through a succession of 
Vout. XXX.—No. 1—3 


The | 


33 
lakes. The northern half of the Canal, 
‘as far as Lake Timsah, had to be ex- 
eavated by manual labor, until sufficient 
‘depth could be obtained to admit of 
dredging operations; but the portion 
south of Lake Timsah was excavated en- 
tirely by dredgers, as water was ob- 
tained ona high level from the Fresh- 
water Canal, which had, meanwhile, been 
constructed ; and thus by filling up the 
line of the Suez Canal to that level, suffi- 
cient depth was obtained for floating the 
dredgers. At El Guisr, Serapeum, and 
the Chalouf plateaux—in all, about 
eighteen miles of cutting—rock (more or 
less hard) was encountered, rendering 
excavation both difficult and costly, as 
blasting operations had to be resorted to. 
Though along the rest of the line the 
material to be excavated consisted prin- 
cipally of sand, with an occasional admix- 
ture of clay, yet the task of not only ex- 
cavating soil to a depth of 26 feet below 
water, but of conveying it away, involved 
some difficulty, which was finally over- 
come by some very ingenious adjuncts 
and appliances to the ordinary dredgers. 
‘The excavated material could not, as in 
the case of river or harbor dredging, be 
simply lifted into hopper barges, and be 
towed out and discharged into the sea; 
it had to be deposited on banks on either 
side, the height and breadth of which 
were, of course, continually increasing. 

According to Lieut.-Colonel (now Sir 
A.) Clarke’s report, written in February, 
1870, it was originally intended to con- 
struct the Caval with a surface width of 
| 325 feet, and a bottom width of 144 feet; 
_but the latter, at the present time, does 
not average more than 70 feet. The side 
| slopes, which vary according to the soil 
passed through, are being now faced 
with stone, by which means a consider- 
able length of the Canal is protected from 
the erosion which used to take place 
from the wash of the steamers. 

A minimum depth of 26 feet is main- 
tained throughout the Canal. The bot- 
tom width being only half that originally 
intended is, of course, insufficient to al- 
low of vessels passing one another, and 

| obliges a low speed to be maintained. 
Sir John Stokes observes, in a report 
dated April 20, 1876, that, in his opinion, 
the narrow width is not altogether a dis- 
advantage, inasmuch as by necessitating 
the Canal being worked on the block sys- 
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tem the risk of collision is greatly re- 
duced, and the passage of vessels is, in 
the long run, performed in a shorter 
space of time than if vessels were allowed 
to navigate independently. Unquestion- 
ably, the risk of collision is especially to 
be avoided where large vessels are con- 
cerned, for the momentum of masses 
2,000 to 4,000 tons in weight, moving 
even at a low velocity, is exceedingly 
great, and when brought into collision 
must be attended by disastrous results. 
But the narrowness of the section oper- 
ates disadvantageously in retarding the 
speed of vessels below the economical 
unit. When the difference between the 
sectional area of the Canal and that of 
the vessel's midship section is so small, 
the piling of the water caused by the 
vessel’s displacement is greatly increased ; 
the friction on the sides of the vessel, as 
well as on those of the Canal, so retards the 
flow of the water that the void created 
by the vessel’s onward movement cannot 
be filled sufficiently fast, and hence the 
steering power is destroyed, and the ship 
either takes the ground astern or runs 
bow on to the bank. 

By experiment on the Indian Canals, it 
was found that when the relative section- 
al area of the vessel and canal were in 
the proportion of from 1 to 12 or 14, with 
a depth of 3 to 4 feet under the steamer’s 
keel, there was no perceptible piling, and 
a speed of from 8 to 10 miles an hour 
could be maintained, but wherever that 
relative proportion fell short, piling be- 
gan to take place, and the speed was 
proportionately diminished. If, there- 
fore, the Suez Canal were finished more 
nearly to its original dimensions, or 
say, to 320 on the water line, and 200 at 
the base, with slopes of 2 to 1, it would, 
if 30 feet deep, contain a sectional area 


of 7,800 square feet, and yield a propor- | 


tion of 13 to 1 to all vessels whose mid- 
ship section did not exceed 600 square 
feet, and which would probably include 
all ships registering 2,000 tons. The 
block system, if found absolutely neces- 
sary, might still be maintained, but it 
would give the opportunity for such ves- 
sels to accomplish the passage of the 
Canal in twelve hours of daylight. The 
narrowness of the bottom width of the 
Canal not admitting of large vessels 
passing one another, side-cuttings, called 
*¢Gares ” or stations, have been made at 


intervals of five miles, wherein large ves- 
sels can lie moored during the night, or 
whenever the necessity may arise. As ob- 
served before, the method of working 
the Canal is that known on railways as 
the block system, no vessel being allowed 
to proceed from one station to another 
until the line is signaled clear, for which 
| purpose a perfect telegraphic communi- 
|cation is kept up through its entire 
| length. The arrangements for carrying 
this out are described in Sir J. Stoke's 
report, as follows : 

“Each of the superintendents of the 
transit at Ismailia, Suez, and Port Said 
has a model of the canal in his office, 
with miniature vessels, which enable him 
to fix the position of each ship as it 
passes through. As soon as a vessel en- 
| ters the canal, either at Suez or Port 
| Said, its counterpart is launched on the 
‘models with name affixed. As it passes 
‘each siding, which is also a telegraph 
station, its position is made known to 
‘the superintendents, who fix its place on 
_the model, and the chief transmits orders 
for the guidance of the pilot on board. 
| Then, whenever a vessel approaches a 
‘siding, it finds a signal directing its 
| movements, whether it is to remain or 
‘move; if to remain, the orders are strict 
‘that it is to make fast to the bank in the 
‘siding, and to leave the navigable chan- 
nel quite free.” 
| If these orders are acted up to, it is 
impossible for two vessels to meet in the 
| section between two sidings, and so col- 
'lision is rendered impossible. The canal 
'is also furnished with every accessory in 
| the shape of light-houses, beacons, buoys, 
| telegraphs, &c., for facilitating the navi- 
' gation as far as possible. 

It would have been impossible to carry 
(on the work of the Maritime Canal with- 
out a supply of fresh water, which was 
wanting along the whole line. The com- 
pany was therefore empowered by the 
Egyptian Government to construct a 
canal for irrigation and navigation from 
the River Nile, at a point below Cairo to 
Timsah, and thence to furnish a supply 
for the towns of Port Said and Suez. 
This canal has since been enlarged and 
completed with locks, and is the work 
which proved of such invaluable aid in 
the late military operations in Egypt. 
The extensive tract of land granted to 
the company, and for which irrigation 
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had to be supplied, was subsequently | ing less than 1} per cent. on the first 
taken back by the Government, and the cost—a very moderate and satisfactory 
company empowered only to use the| outlay. 
water for domestic purposes. Passing on now to consider the canal 
So far, then, as an engineering work, it | in its second aspect, as a commercial un- 
would leave little to be desired, had ves- | dertaking, there is much of a very inter- 
sels of the type in vogue before its con- | esting character to be explained. The 
struction continued to be used. But as | first fact is one which, outside official 
the science of shipbuilding progressed, | circles, will probably be entirely new to 
it has been found possible and necessary, |99 persons out of 100, and that is that 
in order to keep up with the require- La Compagnie Universelle du Canal 
ments of trade, to construct vessels of | Maritime de Suez (The Universal Suez 
much larger dimensions, and on different | Maritime Canal Company) is not a 
lines ; and, consequently, ships have out- | French but an Egyptian company, hav- 
grown the existing dimensions of the|ing its principal office at Alexandria, 
canal, and demand increased accommo- ‘amenable to the laws and customs of not 
dation. It has been seen that the orig: | the French, but of the Turkish Empire, 
inal intention was to construct the canal | and, therefore, subject to the jurisdiction 
of double the present dimensions, but of its local tribunals. The importance 
the financial necessities of the company |of this fact will be sufficiently evident, 
prevented them from carrying out that when the disputes which subsequently 
intention. Though forced upon them, | arose between the directors of the com- 
the course adopted was quite the right|pany and the Egyptian and Turkish 
one; for the canal, on the smaller scale,| Government come to be noticed. It is 
has thoroughly served its purpose for|not too much to add that, but for this 
thirteen years ; and now that it is placed | precaution at the time of the formation 
in a highly satisfactory and flourishing of the company, it would not only have 
financial condition, the time has arrived | been impossible for the nations of 
when additional capital may prudently| Europe to make use of the canal, but 
be laid out, to increase the accommoda- | that the subsequent attempted exactions 
tion which a rapidly-increasing trade de-| of the company might have led to very 
mands. The best means of providing | serious misunderstandings, if not to ac- 
additional accommodation is still a mat-| tual embroilments, amongst some of the 
ter under consideration, notwithstanding | European Powers. Before proceeding, 
certain measures have been publicly an-| however, to explain the more especial 
nounced in some of the daily papers as|commercial features of the canal, it is 
having been definitely settled. Probably | necessary to draw attention to the nature 
the company, finding that it will be to|and terms of the varivus “concessions” 
their own interest not to postpone any | granted by the Egyptian Government, 
longer meeting the demands made upon | and subsequently ratified in a firman by 
them, have decided on carrying out/the Sultan as suzerain. Eight conces- 
meanwhile certain obvious improve-|sions were granted by the Viceroy of 
ments; but the larger and more perman- | Egypt between the years 1854 and 1869, 
ent provision, that must sooner or later | the details of which have been published 
be made, has yet to be settled. The pos-|in the Parliamentary Paper, “ Egypt, 
sible alternatives that present themselves | No. 6 (1876).” In the first of these, dated 
will be explained hereafter. Meanwhile,| November 30th, 1854, the Viceroy con- 
there only remains to be noticed, under | fers on Monsieur de Lesseps “ exclusive 
this head, the items of cost of original| power to form and direct a universal 
construction, repairs and supervision.|company for piercing the Isthmus of 
The total capital expenditure up to 1869, | Suez, and the working of a canal between 
the year in which it was opened, the two seas within, and subject to cer- 
amounted to £18,000,000. The sum | tain specified restrictions and condi- 
spent annually on repairs and improve-| tions,” the most important of which, as 
ments carried out from revenue, does not regards the constitution of the company, 
vary very much, amounting, in 1880, in- | were: 
clusive of supervision, to £218,900;| 1. That the director of the company 
and, in 1881, to £212,490, thus averag-' was to be always named by the Egyptian 
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Government, chosen, as far as possible, 
from amongst the shareholders most in- 
terested in the undertaking. 

2. That the duration of the concession 
was to be for 99 years from the date of 
the opening of the canal throughout. 

3. That the Government reserved to 
itself the power to erect any fortifications 
it pleased in the neighborhood. 


4. That the Egyptian Government | 


were to receive, yearly, 15 per cent. of 
the net profits shown in the balance- 
sheet of the company, without prejudice 
to any dividends belonging to the shares 
which the Government reserves a right 


to take on its own account, and without | 


any guarantee on its part. 


6. That the rest of the protits were to | 


be divided as follows: 75 per cent. for 
the benefit of the company ; 10 per cent. 
for the benefit of the original promoters. 


7. That, on the expiration of the con- | 


cession, the Government to succeed to 
the company, enjoy all its rights, and 
enter into full possession of the canal. 

8. That no alterations could be made 
in the statutes of the company without 
receiving the previous approbation of the 
Viceroy. 

The second concession, dated 5th 
January, 1856, is an amplification of the 
first one, explaining, in more detail, the 
nature of the charges and concessions, 
the most important of which are: 

1. The limitation of the power of the 
company to carry out a canal east of the 
Nile, from the Gulf of Pelusium, and 
authorizing the construction of a fresh- 
water canal from Cairo to Lake Timsah. 

2. The solemn declaration of the Vice- 
roy, subject to ratification by the Sultan, 
of the Maritime Canal and its ports being 


always open as neutral passages for all | 


merchant ships on payment of dues, with- 
out preference to any vessel, company, 
or person. 

3. The dues on vessels navigating the 
canal not to exceed 10 frances per ton of 
capacity and per head of passengers. 

This concession was made over to 
Monsieur de Lesseps, previous to ratifi- 
cation by the Sultan, to enable him to 
constitute the financial company. 
Amongst the statutes of the company 
approved by this concession was one 
appointing its seat at Alexandria, and its 
administrative domicile at Paris. 

The statutes direct that the annual 





proceeds were to be applied in the fol- 
lowing order: 

| 1. To expenses of maintenance, work- 
ing and administrative, and generally all 
charges of the society. 

2. To interest and sinking fund of 
such loans as might be contracted. 

3. Five per cent. on capital of society 
to be applied to provide for shares re- 
deemed and not redeemed, and an an- 
nual interest of 25 francs per share; the 
interest attributable to shares redeemed 
being carried to the sinking fund. 

4. Four hundredths per cent. on the 
capital to be applied to the sinking fund. 

5. To the amount required for creating 
‘and keeping up areservefund for unfore- 
seen expenses. The excess over the 
above proceeds to constitute the net 
profits, which were to be distributed as 
already stated. 

Concession No. 3, dated 6th of August, 
1860, is a financial agreement contain- 
ing the first settlement of accounts with 
the Egyptian Government respecting its 
subscription ; and, in March, 1863, con- 
cession No. 4 contained another financial 

agreement for settling the balance pay- 
able on shares subscribed for by the 
Egyptian Government. 

At this period intervenes an important 
act by the Porte, which perceiving in the 
concession of the fresh-water canal, and 

of vast tracts of land, a menace to its in- 
dependence, and in the stipulations for 
the providing of workmen, a violation of 
the laws under which the Ottoman Em- 
pire is governed, declared by a diplomat- 
ie note, dated 6th April, 1863, addressed 
to its representatives in Paris and Lon- 
don, its opposition to the continuance of 
the works. The same notification was 
made to the Viceroy, who communicated 
it to Monsieur de Lesseps, expressing his 
intention to treat on and settle these 
questions with the company, and accred- 
iting Nubar Pasha to come to an un- 
derstanding on the proposals to be sub- 
mitted. ‘The Council of Administration 
rejected the proposals, and then the 
Khedive begged the intervention of the 
‘Emperor of the French, who, after re- 
| ceipt of the report of the Commission 
which he appointed to examine into the 
questions involved,. gave his decision; 
awarding to the company a sum of 84 
‘millions of francs, or £3,360,000, the 
| payment of which was to be spread over 
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a period of fifteen years, ending with | 
1st. of November, 1879. 

Consequent on: this award, a sixth) 
convention was drawn up, dated 30th 
January, 1866, in which the following 
important articles occur: 

1. Egyptian Government to keep all 
strategical points. 

2. Power for the Government to oc- 
cupy sites for post-offices, customs, bar- 
racks, and other services. 

4 and 5. The Government to take pos- 
session of the fresh-water canal, on the 
terms specified. 

A further agreement was drawn up in 
the following February, and received 
the sanction of the Sultan in a firman, 
datel 19th March, 1866, which stated 
the conditions to which such a sanction 
was subjected. One important article 
being to the effect: 

“That the Maritime Canal and its ap- 
purtenances remain subjected to the 
Egyptian police, which shall exercise its 
functions freely, as at every other point 
of the territory, so as to secure good or- 
der, the public peace, and the execution 
of the laws and regulations of the coun- 
try.” 

In Article 16 occur the words: “The 
Universal Company of the Maritime 
Canal of Suez, being Egyptian, it is 
governed by the laws and usages of the 
country ;” and the articles which follow 
declare its complete subjection to the 
Egyptian Government. Two agreements, 
dated 23d April and 26th January, 1869, 
complete the negotiations prior to the 
opening of the canal, and in them is the 
arrangement by which the Viceroy as- 
signs fifty coupons from each of the 
176,662 shares belonging to the Egyp- 
tian Government, for the space of 
twenty-five years, in settlement of the 
30,0U0,000 francs, the value awarded for 
the resumption of the fresh-water canal 
from the company. 

The recapitulation of the concessions 
though somewhat tedious, is essential | 


to the right understanding of certain | 


events which occurred shortly after the 
opening of the canal, as also of the obli- 


gations that regulated the amount of di- | 


vidends which the company paid to the 
shareholders, as well as of the status of 
the company generally. 

Turning now to the cost of the canal, 
already stated to be £18,000,000, it ap- 


37 





pears that of this, the amount of capital 
originally subscribed was only £8,000,- 
000, in 400,000 shares of £20 each. That 
amount was subsequently augmented by 
the loan of 1867 for £4,000,000, being 
debentures (“obligations”) redeemable 
in fifty years, bearing 5 per cent. inter- 
est, and having a first charge on the 
profits. After these, the loans of 1871 
were contracted by the issue of thirty 
years bonds, bearing 6.7 per cent. inter- 
est, which, in their turn, were succeeded 
by £1,360.000, representing consolidated 
| arrears of interest on ordinary shares, in 
the shape of seven coupons of 5 per cent. 
yearly. Lastiy, came the advance on de- 
tached coupons of the Egyptian Govern- 
ment shares amounting to £1,200,000, 
styled * delegations,” and entitled, for 
twenty-five years, to 5 per cent., and a 
dividend (if any) on those shares. The 
balance of the cost of the canal was 
made up from the indemnities which had 
| been paid by the Khedive under the late 
;Emperor’s award. In 1870, the year 
after the opening of the canal, the pros- 
pects of the company being doubtful, a 
suggestion was made by the Khedive 
that it should be transferred to some 
English company. 

The negotiations which followed this 
suggestion belong rather to the political 
than the commercial aspect of the canal, 
and will be better adverted to hereafter. 

The doubtful prospects of the com- 
/pany, however, led to a very objection- 
able proceeding on the part of the Board 
‘of Administration, viz., in determining 
arbitrarily the interpretation of the term, 
“ton of capacity,” on which the author- 
ized due of ten frances was leviable. That 
due had been for the past three years, 
levied on the net register tonnage, as 
shown in the ship's papers, and caleu- 
lated on the Mocrsom system, which, 
after reckoning the gross tonnage of the 
ship, deducted the space occupied by the 
engines, fuel, &e. The term, “ton of 
capacity,” not having, however, been 
actually defined at the outset, the com- 
pany tock upon themselves to interpret 
that term as signifying the “real capa- 
city” of the ship, which, by a commission 
|of their own appointment, they declared 
| to be greatly in excess of the net register 
| tonnage, the result being that the dues 
were levied on the gross tonnage, and 
| consequently the tolls payable by every 
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ship traversing the canal were raised 30 
per cent. The burden of such an inter- 
pretation at once made itself felt in the 
case of steamers, in which the machinery 
occupies one-third of the tonnage, and 
was therefore equivalent to levying 50 
per cent. more from steamers than had_ 
been levied in the three previous years. | 
Remonstrances were immediately put 
forward by the principal maritime com-| 


2,100,000; to 2 frances when“it reached 
2,200,000; and so on, 4 france for each 
annual increase of 100,000 tons up to 
2,600,000 tons, at which figure the surtax 
was to cease altogether, and the original 


due of 10 francs per ton only to be 
levied. Vessels of war, transports, and 


vessels in ballast to be exempt from the 
surtax. 
The Porte was pleased to approve of 


panies in England, and the Messageries the report of the Commission, and de- 
Nationales actually brought an action’ sired the Khedive to inform the company 
against the Canal Company in France.|of the same, and direct it to be put in 


A decree was first given in their favor, | 
but it was afterwards reversed on appeal. 

The protest, however, by the British 
Government led to the assembly of an' 


International Commission at Constanti- | 
nople, and to the adoption of a style of | 
measurement according to what are 
known as the Constantinople Rules. It! 
was not, however, without great discus- 
sion, in which the tact and firmness of 
the English delegates, Sir John Stokes | 
and Sir P. Francis, were eminently con-| 
spicuous, that the proceeding of the 
Canal Company were set aside, and the 
Moorsom system of measurement de- 
clared to be correct, and adopted accord- | 
ingly. 
Finding themselves entirely in the’ 
minority, the French delegates eventu-- 
ally joined in signing the report of the| 
| 


Commission, which set forth the rule to 
be followed in the measurement of ves-. 
sels, and the deductions to be made in 
order to arrive at the net tonnage. As 
a set-off, however, against the diminished ' 
revenue which it was supposed would 
follow the first introduction of the new 
rules, the Commission recommended 
permission being given to the company 
to levy temporarily a graduated surtax 
of 3 frances per ton on vessels provided 
with the prescribed certificate of net ton- 
nage measurement, on condition that the 
deduction did not exceed 50 per cent. | 
Vessels not measured according to the’ 
Moorsom system were to have their ton-. 
nage reduced by calculation to the scale’ 
of the Danube, and to pay a surtax of 4 
francs per ton, as also vessels measured 
according to Section A, Clause 23, of the 


force in three months time. 

Monsieur de Lerseps first protested, 
and then refused to accept the new 
rules; but, as in the event of his persist- 
ing in his refusal the canal was to be 
seized by the Egyptian Government, he 
submitted, but under a protest, which 
was not withdrawn till some years after- 
wards. 

Towards the close of the following 
year a rumor got abroad that a project 
was on foot to purchase the shares of the 
Canal Company belonging to the Egypt- 
tian Government. This led to the cor- 
respondence which is given in detail in 
Parliamentary Paper, Egypt, No. 1 
(1876), and which ended eventually in 
the purchase of those shares, 176,602 in 
number, for a sum of £4,000,000. 

In 1876, after the purchase had been 
concluded, and in consequence of a new 
convention, the company withdrew all 
opposition, accepted all that had been 
laid down by the Constantinople Com- 
mission, and agreed to the decrease of 


‘the surtax at fixed dates, and to its total 


abolition in 1884, and consented to ex- 
pend one million francs per annum for 
thirty years in improving the canal. 
That ecnvention, which is known as the 
Stokes-Lesseps Convention, has conse- 


‘quently been in force up to the present 


time. 

It is time, now, to turn to that part of 
the subject which possesses the greatest 
interest for the English public, and that 
is the traffic passing through the canal, 
and the revenue derived therefrom; for 
it indicates not only the relative import- 
ance of the canal to the several nation- 


British Merchant Shipping Act of 1854. |alities which make use of it, but it in- 

The surtax of 3 francs to be reduced | contestably proves that were it not for 
in the following proportions: To 24 the trade carried by British vessels, 
francs per ton, as soon as the net ton-' the Canal Company must, long ere this, 
nage passing through the canal reached | have entirely collapsed, and were it now 
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to be withdrawn through any other chan- 
nel, the Suez Canal could not possibly be 
maintained. 

Seven years ago an interesting paper 
was read before the Society, by Mr. 
Charles Magniac, on the “Commercial 
Aspects of the Canal,” in which, on the 
whole, he took rather a depressing view 
of the prospects of British trade at the 
time, saying: “ That the returns up to 
that time showed that the great expecta- 
tions entertained of a large increase of 
trade due to the canal, had not been 
borne out;” “that the imports into 
India were feebly stationary” “that the 
falling off from France was immense, 
but greatly due to the effects of war;” 
“that the item most deserving of atten- 
tion was that of the Mediterranean 
ports.” 

Similarly, in regard to the exports, the 


United Kingdom told the same story of _ 


stagnation, and it was only the Mediter- 
ranean ports that showed a buoyant and 
increasing trade, and that principally in | 
the staple articles of Indian produce. 
But he summed up his description with 
the words, “ Whatever we may say or 
do, however much industries or indi- 
viduals may suffer at first, one thing we 


do know, that India has been brought - 


within three weeks journey of England. 

We gained our supremacy there when a 

letter and its reply were frequently 12 

months on the road. The same thing can 

now be done in 12 minutes. Is it to be 

supposed that this energetic nation will 

not find its advantages in such facilities | 
as these? I am sure it will, and that 
even many here will live to see it.” Mr. 
Magniac has doubtless ere this already 
satisfied himself of the verification of his 
prediction; but as possibly many are 
present who have not had the same op- 
portunity, I propose briefly to call atten- 
tion to the figures in the several tabular 
statements of the trade of India with 
England and the world generally, ob- 
tained from published official records of 
the Indian Government. 

First, in regard to the imports of the 
United Kingdom ; these show a steady 
increase from 1874, when they stood 
somewhat over 293 millions, to over 32 
millions in 1879-80, with the exception 
of the previous year, when, in conse- 
quence of the depression caused by the 
famine, they fell just below 29 millions. | 


‘In 1880-81 they rose to £41,300,000, or 


an increase of over 33 per cent. In the 
foreign trade, France increased from 
£362,400 to £705,600, and Italy from 
£334,000 to £576,000. 

From the rest of Europe the import 
trade is insignificant. The export trade 
to the United Kingdom does not show a 
similar increase in value, owing to the 
great fall in prices, but an examination of 
the quantities exhibitsa satisfactory prog- 
ress, while the exports to the principal 


European countries is more marked as 


regards increase in value. France having 
risen from £3,134,000 to £6,500,000 ; 
Mediterranean ports—Italy, £1,400,000 
to £2,781,000; Austria, 1,428,000 to 
£2,226,000. 

In five of the most important staples, 
cotton, rice, seeds, tea and wheat, the 
progress in exports has been as follows: 


1876-77. 1880-81. 


Quantity; Value Quantity Value. 
| te. 
Cwt. 2.) £. 
Cotton, raw. | 4,557,914 11,746,184 4,541,589 13,241,734 
Rice 19,548,731 5,742,540 26,769,344 8,971,661 
Seeds........ | 9,582,865) 5,319,124 10,229,109 6,345,209 


Tea......--- | 27,784,124, 2,607,425 46,413,510 3,054,240 
Wheat 5,583,336 1,956,333 7,444,375 3,277,942 





Of the quantity, 4,541,539 ewts. of 
cotton 3,818,557 ewts. were taken by Eu- 
rope; that is, 2,019,612 ewts. by Eng- 
land, 633,891 ewts. by Italy, 605,954 
ewts. by, France, and 559,100 ewts. by 
Austria. 

Of the total quantity, 26,769,344 ewts. 
of rice, about half, or 13,582,300 ewts., 


‘were conveyed to Europe; of which, 


England and Malta took all but 300,000 
cwts. 

Of 10,229,109 ewts. of seeds, 9,705,200 
were brought to Europe, nearly 5,600,000 
ewts. coming to England, and 3,256,180 
ewts. going to France. 

Of the 464 million pounds of tea, only 
one million went to the Australian mark- 
et, all the rest being brought to Eng- 
land. In 1879-80, the price of tea was 
ruinously low, and a collapse in that in- 
dustry was imminent; but happily, the 
Australian market was partially opened, 
and gave just sufficient stimulus to prices 
to avert disaster. 

In 1875, only 1} million ewts of wheat 
were shipped from India. In 1880-81, 
there were 74 million cwts., of which 
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England took 4,800,000 ewts., 14 million 
went to France, and 790,000 cwts. to the 
rest of Europe. 

The proportion of the whole trade 
which came to and left India by the Suez 
Canal. during the last five years, has been 
as follows: 


| Per 
Cent. 


Whole 
Trade. 


Via Suez 
Canal. 


113.920,539 60,243,259 | 52.88 
126, 252, 968 68,380,719 | 54.16 
109,777,084 53,398 875 48.64 
122,068,908 63,038,231 51.64 
138,108,657 81,175,876 58.78 


1876-77 ... 
1877-78 
1878-79.... 
1879-80 .. 
1880-81.... 


The imports from the United Kingdom 
into India constitute 82.08 per cent. of 
the whole, and 42.33 per cent. of the 
produce shipped from India. The import 
trade is thus practically monopolized by: 
Great Britain, the reason being that the 
only articles which the people of India 
largely consume are English products, in 
which other nations have not at present 
the capacity of competing with her for 
the supply of foreign markets. 

On the other hand, the reason of her 
taking a smaller proportion of the ex- 
ports arises from some of the most valu- 
able Indian produce being shipped to 
other countries—notably, opium to China 
and the Straits; indigo, hides, and seeds 
to France, Italy, and the United States. 

From these figures, it will be readily 
gathered that the commercial interests of 
England have not suffered from the canal, 
but, on the contrary have been largely 
augmented, and that while India has 
benefited by the opening of additional 
markets in Europe, England has also 
gained largely, and still maintains, a vir- 
tual monopoly of the Indian market for 
the disposal of her own merchandise, the 
value of which, in 1880-81, amounted to 
over 414 millions sterling. 

Passing on to the general trade through 
the canal, a reference to the tabular 
statements will show that, first, as regards 
the total tonnage, the number of vessels 
which passed the canal in 1870 was 486, 
and the tonnage 435,911 tons. In 1879, 
the vessels numbered 1,477, and meas- 
ured 3,236,942 ; that is, while the vessels 
had increased threefold, the gross ton- 
nage increased more than sevenfold. In 
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1870, the vessels averaged 900 tons seule 

whereas, in 1879, the average size reached 
2,180 tons. In 1877, however, the great- 
est number of vessels, viz., 1,663, passed 
through the canal, but they only meas- 
ured 3,418,950 tons, giving for the aver- 
age of each vessel 2,056 tons. During 
the same period, the receipts of the com- 
pany increased from £256,000 to £1,214,- 
520. Great as that increase was, it is 
nothing compared to the increase within 
the last three years. In 1880, the vessels 
numbered 2,026, with a gross tonnage of 
4,344,519 tons; and in 1881, the number 
rose to 2,727 vessels, measuring 5,414,- 
050 tons. 

Now, as to the nationalities of the ves- 
sels indicated in Table II. In the decade, 
ending 1879, out of 12,454 vessels, no 
fewer than 9,154, or three-quarters, were 
British ; conveying 17,555,500 tons out 
of the total quantity, 23,105,535 tons. 

In like manner, out of the 2,026 ves- 
sels in 1880, 1,592 were British, meas- 
uring 3,446,431 tons, out of a total of 
4,344,520 tons; and, in 1881, the British 
numbered 2,251 out of a total of 2,727 
vessels, and the tonnage, 4,792,118, out 
of 5,794,400, thus increasing the propor- 
tion of vessels and tonnage from two- 
thirds to four-fifths. The trade of 1881, 
then, of vessels other than British, 
amounted to only 1,002,282 tons, and 
would, at 10 francs per ton, have yielded 
a revenue of only £400,915. 

In 1880, the total expenditure on the 

canal was about £218,900; interest and 

sinking funds of loan, £531,560; total, 
£750,460. So that, but for ‘the British 
trade, instead of 134 per cent. interest 
accruing to the original shareholders, 
there would not have been sufficient to 
pay even a moiety of the interest of the 
loans! 

Similarity, with regard to the revenue 
realized. In 1879, it amounted to £ 1,214,- 
520; 1880; £1,672,836; 1881, £2,187,- 
047. The actual returns obtained from 
the canal will be seen from the following 
figures : 

In 1880, the expenditure on repairs 


was 
Amount set aside for interest and 


£218,898 


To provide for the interest at 5 
per cent. on share capital and 


sinking fund 403,215 


£1,158,972 
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Which deducted from the total re- 
ceipts ...... anawa pe nawengeuns- ieee 


Leaves a balance of... £519,164 


to be allotted to reserve funds, and other 
purposes, as enjoined iu the statutes 
above quoted, after deducting the 15 per 
cent. eppropriated to the Egyptian Gov- 
ernment. Of this sum, £350,176 was 
divided among the original shareholders, 
raising their profits to 5+4.3=9.3 per 
cent. 

In 1881, the cost of working the canal 
was somewhat less than in 1880, viz., 
£212,490, while the interest and other 
charges remained about the same, but 
the total receipts were £2,187,047; so 
that the sum to be divided reached £700,- 
856, and the original shareholders pock- 
eted 5+8.76=13.76 per cent. By ar- 
rangement, a certain number of shares 
are drawn to be paid off each year; those 
shareholders, therefore, who have got 
back their capital, cease to receive the 
annual 5 per cent. interest but are en- 
titled to the dividend of 8.76 per cent. 
on it, and will continue to receive the en- 
hanced dividend, whatever it may amount 
to, till the charter of the company ex- 
pires in 1968. , The dividend for 1882 is 
expected to reach 16 per cent. 

Little comment is required on these 
figures, and there can be little doubt as 
to what nationality the future manage- 
ment of the canal should be entrusted, 
when four-fifths of the revenue is con- 
tributed by British trade. One cannot 
be surprised that there should arise a cry 
from British shipowners, that the time 
has arrived when the tax of ten francs 
per ton should be lowered. Abstractedly, 
it is a heavy burden, but relatively, it is 
less so, when it is remembered what 
economy in the expenses of transport 
has been effected by the saving in dis- 
tance, and, therefore, in time, as well as 
in diminished risks and insurances. It 
is true that freights have fallen somewhat 
in proportion, and it may be said that, 
one year with another, the profits of the 
carriers are by no means so great as 
formerly; and it may be fairly urged, 
therefore, that the whole community is 
interested by the cost of transport, being 
kept at the lowest figure possible. A tax 
which represents so considerable a frac- 
tion of the whole freight, 16 per cent., I 
am informed, ought to be reduced, es- 


| pecially when it is no longer needed for 
the security of the capitalists from loss. 

In approaching the consideration of 

| the Suez Canal as a political problem, the 
difficulties which surround a satisfactory 
solution of it must at once be acknowl- 
edged. It has been seen, how, though 
originating in a commercial speculation, 
the scheme contained, from the very first, 
elements of a political character, which 
the British Government of the day could 
not possibly ignore; and how, as its 
operations progressed, sharply accentu- 
ated differences of international policy 
have been manifested, requiring the best 
efforts of diplomacy to arrange. Though, 
happily for England, no rupture in 
friendly relations has occurred, yet recent 
events have only too plainly shown “ how 
great a matter a little fire kindleth,” and 
how small a circumstance might vitally 
affect the interests of England, as re- 
gards her Eastern possessions, by the 
closure of this great thoroughfare to 
India. The immense importance to this 
country of those clauses in the conces- 
sions in which the Government declares 
the company to be Egyptian, subjects it 
to all the laws and usages of the Turkish 
Empire, and reserves to itself entire con- 
trol in all particulars, military and civil, 
have been unmistakably manifest. Still 
more so, in the action of the Porte in in- 
sisting on the restoration of large tracts 
of land along the canal’s course, which 
had been at first made over, without due 
consideration, to the company; for had 
that land still remained in their hands, it 
is extremely doubtful whether national 
susceptibilities might not have interfered 
with the able and successful strategic 
movement of our troops from Alexandria 
to Ismailia. 

Again, the overwhelming preponder- 
ance of British trade over that of all 
other nationalities, added to the fact that 
its magnitude alone enables the Canal 
Company to exist, and the canal itself to 
be maintained, renders it imperative that 
that trade should not be imperilled, or 
its safety left dependent entirely on such 
strategic movements, the success of 
which a small error in judgment or a 
trifling miscalculation of time might 
wholly frustrate. It was pointed out, in 
a recent able article in the Wineteenth 
Century, that of all the naval powers 

| England was furthest off from the Suez 
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Canal, and in the event of hostilities, her 
enemies might be first on the scene, and 
occupy it some days before her fleet 
could possibly arrive ; but on the other 
hand, to be forewarned is to be fore- 
armed and England possesses harbors 
nearer the canal than Portsmouth, 
and crusing ground nearer than the 
British Channel. If advantage be duly 
taken of these, and England is true 
to herself, the rest may be left safely 
to the judgment of Lord Alcester (late 
Sir Beauchamp Seymour), and such 
men as he has the good fortune to com- 
mand. 

But though such eventualities cannot 
be altogether ignored, yet there are, per- 
haps, other means left for procuring a 
more desirable solution of the desired 
end. 

As far as can be judged from the senti- 
ments expressed in the various organs of 
public opinion throughout Europe, there 
seems, with one exception, to be a toler- 
ably unanimous desire that the manage- 
ment of the Suez Canal should be vested 
in British hands; just as there was at 
the time when Monsieur de Lesseps was 
anxious for the maritime powers jointly 
to purchase his scheme. The correspond- 
ence on that subject is published in 
Parliamentary paper Egypt, No. 2 (1876), 
and goes to show how nearly the canal 
was changing hands. As the practicabil- 
ity of that transaction was once seriously 
discussed, there is really nothing quixotic 
in a similar suggestion at the present 
time. To acquire the remaining shares, 
even at their enhanced value, would not 
be a financial operation beyond the power 
of England, which has, within the last 
few years, paid a much larger sum in 
wars than would probably be required to 
satisfy the demands of even the public- 
spirited and patriotic shareholders of 
the Suez Canal. England could well af- 
ford to take over the whole of the ob- 
ligations and liabilities connected with it, 
as, with the prospect of an increase of 
traffic such as is now opening up, the sur- 
plus of the receipts over and above the 
necessary current expenses would quickly 
furnish the means of discharging those 
obligations and liabilities, while the mer- 
cantile community and public generally 
would not grudge a continuance of even 
the present high due of 8s. per ton, so 
long as there was the certain prospect 





‘before it of its diminution to the small 
‘figure requisite to defray the necessary 
‘expenses of the up-keep of the canal. 
‘For obvious reasons, details of calcula- 
tions and figures cannot be entered into 
at the present time. If, however, inter- 
national exigencies or individual suscepti- 
bilities should bar the way to such an 
amicable solution, and one profitable alike 
to all concerned, there remains a sugges- 
tion, which has elsewhere been made, of 
enabling the Ruler of Egypt to become 
the proprietor of a grand public work, 
which should never have been allowed to 
become the property of any private body 
of shareholders, but ought decidedly to 
have been undertaken solely and simply 
by the State. It is true that it is easy to 
‘be wise after the event, but it would 
‘equally be folly not to avail oneseif of 
the wisdom when gained ; and if, as was 
wittily remarked by the writer of the 
article in the Nineteenth Century, already 
_adverted to, we are not only in the posi- 
tion of the deati, but the beatissimé 
possidentes, it will be odd if, with nine 
points of the law in our favor, we are not 
able to justify our proceedings. But 
even should this position be rendered un- 
tenable by a jfurce majeure, there is yet 
a third resource, and that is, the con- 
struction of an alternative line of canal. 
This will, of course, be opposed on the 
ground that the several concessions con- 
ferred exclusive power on Monsieur de 
Lesseps for the construction of a canal 
across the Isthmus of Suez, east of the 
Damietta mouth. The exclusive power 
actually conferred, however, was that of 
forming a company for the purpose. If 
it excludes any other private individual 
from forming a company, it most as- 
suredly did not exclude the Egyptian 
Government itself from making another 
canal anywhere it pleased within its 
dominions ; and, therefore, the Egyptian 
Government is at perfect liberty to take 
| whatever action it pleases in such a mat- 
ter. But is it possible to make another 
‘maritime canal? Decidedly so; either 
east or west of the Damietta mouth. On 
the east, as far as can be judged from the 
line of coast surveys, a favorable ap- 
proach and entrance could be formed in 
‘or about longitude 32.55, where the 
5-fathom line runs nearest the coast, and 
from whence a pier, carried at an acute 
angle to the coast line on to the adjacent 
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shoal, would form a protection against 
the littoral currents, while the Bay of 
Pelusium would afford an enormous area 
for receiving so much of the Nile deposit 
as would be arrested by the pier. As, 
however, the pier would run not perpen- 
dicularly, but at an acute angle to the 
coast, its interceptive action would be 
much smaller than that caused by the 
Western pier at Port Said. The line of 
the canal could be taken through Lake 
Sirbon, and then through more or less 
cutting to the Bitter Lakes; from whence 


a@ course could be found more or less: 


parallel to the present canal. The diffi- 
culty with regard to the supply of fresh 
water, which immediately suggests itself, 
could be overcome by pipes led from the 
Ismailia canal, under the maritime canal, 
into a reservoir, and pumped up from 
thence to every part of the new line. 
The probable cost of such a canal it is 
impossible to conjecture, in the absence 
of detailed surveys, but the difference 
between it and the existing line, if any, 
would be confined to the northern half. 
The economy which would be effected in 
the excavations by the experience already 
gained, would probably fully compensate 
for the increased depth of cutting, which 
might be unavoidable. A line to the 
westward could be found skirting the 
coast through the lagoon, and crossing 
the tidal rivers near their mouths as is 
now being done between Calcutta and 
Orissa. 


A scheme for a fresh-water canal from 
Alexandria to Suez, via Cairo, attributed 
to the late Khedive, has lately been put 
forward, and advocated on the merits of 
its combining irrigating capabilities with 
those of navigation; but independent of 
its practicability, or otherwise either 
technically or financially, it is simply out 
of the question that England could haz- 
ard its present trade of 4} million tons, 
much less its future trade of possibly five 
times that amount, on a canal which 
would be exposed to such contingencies 
as are likely to occur to any fresh-water 
canal, whose navigability depends upon 
a series of locks, a class of works con- 
tinually liable to derangement and in- 
jury. 

An inter-oceanic canal ought, if pos- 


| . 
wreck of a vessel, or the creation of 


shoals, may occur, of course, at any time; 
but a few days would, at the most, suffice 
to clear a passage through them ; whereas, 
the subsidence of a lock could not be 
remedied under many months; and if 
the existing maritime canal be in un- 
friendly hands, as it assuredly will be 
were a rival line constructed, then what 
will become of England’s trade ? 


There is no more zealous advocate of 
canals combining the two properties of 
irrigation and navigation than the writer 
of this paper ; but works suitable for the 
requirements of inland navigation come 
under a wholly different category to 
those adapted for the oceanic traffic. The 
late enlightened and shrewd ruler of 
Egypt would not have failed to appreci- 
ate the difference had it been clearly ex- 
plained to him, and would have quickly 
seen that the interests of Egypt would 
not be advanced by such a work; while 
one of the chief ends desired, viz., to 
supply irrigation to the Delta direct and 
by gravitation, can be attained at one- 
fifth of even the estimated outlay of a 
ship canal, and all the requirements of 
internal navigation be simultaneously 
secured. In properly devised schemes 
of delta works, such as those in India, 
several alternative navigable lines are 
led to the chief port, so that, in the 
event of one being blocked, others are 
still available; but deliberately to leave 
the traffic of distant countries dependent 
on a single line of canal, the masonry 
works of which a few charges of gun- 
powder in time of war, or an unforeseen 
accident in time of peace, might destroy, 
would, to say the least, be the gravest of 
mistakes—tantamount to an act of com- 
mercial, if not national, suicide. 


In the event, however, of a satisfactory 
arrangement being come to as regards 
the existing canal, there remains the 
question how it can be best adapted 
to meet the requirements of the traffic, 
which has already outgrown its capabil- 
ities. Opinions seem to be divided as to 
the alternative of enlarging the present 
course, and that of constructing a paral- 
lel line. At first sight, it would seem as 


if there could be no doubt as to the for- 
/mer being the most economical, both in 


sible, to be unencumbered throughout its | regard to first outlay and subsequent 


entire length. Accidents, such as the| working expenses. 


If there is not much 
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of the excavated material.in the banks to | 


be removed, there can be no question as | 
to the economy of widening the present collisions; but it would be safest to con- 


canal over excavating a new one, while | 
the cost of supervision for working the | 
traffic would remain the same; whereas, 
if there is a double line, there must be 


an increased establishment, though not | 


necessarily a doubling of its numbers. | 


On the other hand, there would doubt- 
less be an advantage in having a double 
line, both in minimising the chance of 
accidents, and in expediting the transit 
through the canal, by almost entirely 
obviating the necessity for stopping in 
sidings; though, as a low speed would 
still have to be maintained, ships would 
not be able to accomplish the voyage in 
twelve hours, and would therefore be ob- 
liged to spend, at least, one night in the 
canal, as at present. An additional ad- 
vantage of a double canal would be, that 
in case of either becoming temporarily 
blocked, the whoie traffic would not be 
suspended; a point of very great im- 
portance when the number of vessels in- 
creases so rapidly, as it seems likely to 
do. 

It is concluded the expense of sep- 
arate entrances at either end are not 
contemplated, but the present arrange- 
ments would be common to both lines. 
These, of course, could only exist, if the 
control is in the hands of England, or 


otherwise arranged for beyond the pos- 


sibilities of risk in the time of war. 

On the whole, however, after weighing 
the matter from all points of view, my 
own recommendation would be to en- 
large the existing canal to a width of 
200 feet at bottom, the dimensions of 


the great canal from the River Sutlej, | 


recently opened in North India, with 
such slopes to the sides as the nature of 
the soil admits of at different points of 
its course, and substantially revetted 
with stone where necessary. The speed 
of vessels might then be increased to 
a maximum of eight miles per hour, but 


‘last occasion. 


limited to four miles when passing one) 


another in opposite directions. 


As few | 


steam vessels have a lower speed than | 


eight miles, there would be no necessity, 
except in a few instances, of their over- 


taking each other; especially if an inter- | 


val between the starting of each vessel | 


still be necessary, unless very perfect ar- 
rangements can be made for avoiding 


fine the voyage to daylight hours, and to 
‘make it feasible to pass through the 
canal between dawn and dusk. 

There is yet one other phase in the 
political aspect for consideration, and 
that is, what are the principal dangers to 
which, in time of war, the Suez Canal 
would be exposed? They are: 


1. A blockade at either end. 

2. The removal of buoys, beacons, and 
necessary adjuncts to the navigation. 

3. Blocking up the canal with ob- 
stacles of any kind. 

4. The destruction or scuttling of ves- 
sels. 

5. Last, but not least, cutting off the 
supply of fresh water from the Ismailia 
Canal. 


The remedy for the first lies, of 
course, in the hands of the nation that 
commands the seas; and, if it is only 
careful to keep that command, it can 
equally anticipate and prevent any of the 
other dangers besetting the course of 
the canal itself. Cutting off the fresh- 
water supply could only occur in the 
event of another such eruption in Egypt 
as has lately been extinguished; and it 
would, no doubt, be done again, and 
done more effectually than it was on the 
It rests entirely with 
England whether such an eruption shall 
be again possible; and whether, with 
the forewarnings she has received, and 
the experience which India has afforded 
her of a somewhat similar, though far 
graver, character, she shall not accept 
the position now thrust upon her, and 
herself keep the key of the Water Avenue 
that leads to her Eastern Empire. 

It would be presumption on the part 
of the writer of this paper to offer 
further detailed suggestions on a matter 
which is intrusted to one of the ablest of 
diplomatists at England’s command ; 
but he cannot conclude without express- 
ing his hope that the rumors of possible 
arrangements, as recently put forth in 
the daily journals, may prove to be inac- 
curate, and that it will soon become pa- 
tent to the world that Egypt's extremity 


at daylight is made compulsory. A re- having made England's opportunity, the 
striction of traffic during the night may | Suez Canal will no longer be allowed to 
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remain an apple of international discord, 
and that it will prove to be the particu- 
lar link in a chain of providential cir- 
cumstances leading to the land of the 


DEFLECTIVE FORCES ON 


'Pharaobs once more recovering prosper- 
ity, with the help of England’s guidance, 
and maintaining it under the egis of 
England’s power. 


A REVOLVING SPHEROID. 


By RD. RANDOLPH, C. E. 


Written for VAN NosTRaNnp’s ENGINEERING MAGAZINE. 


In the discussion of this subject objec- 


tions and answers have been made hav- | 
ing reference to the principal points of | 


the problem, but which did not require a 


complete formula, embracing both East- | 
ern and Western movements, and the cor- | 


rection of latitude required for the sphe- 
roid. The following is a brief statement 
of the whole problem, and the formula 
expresses the horizontal force of a body 
moving over the surface of a revolving 
spheroid acting at right angles to the 
line of the independent movement of the 
body. The form of the spheroid being 
adjusted to the force of its revolution. 


P=the point on the surface where the 
force is required. 


L=the angle between a line normal to 


the surface at P and the equatorial 


plane. 


R=the length of the normal from P to | 
its intersection with the axis of the 
spheroid. 


Rxcos L=the radius of the circle of 
revolution at P. 


a=the angle between the line of the in- 
dependent movement and the meri- 
dian tangent at P. 


V=the velocity of revolution at P. 


v=the independent velocity of the body | 


on the surface. 
P. 

vX<sine a=the eastern or western com- 
ponent of the independent velocity. 


g=gravitation at 


V+v. sin a=the actual eastern velocity 
when a is east of the meridian 
plane. 

V—v. sin a=the actual eastern velocity 
when «@ is west of the meridian 
plane. 


| V?+2V. v. sin a+.’ sin @ 

- R.cosL.g 

force when «is east of the meridian. 

V*—2V.v sin a+v.’ sin a’ 
R. cos L. g 

force when ais west of the meridian. 


= centrifugal 


= centrifugal 


The horizontal component of these 
centrifugal forces is obtained by multi- 
cos L 

T . . 
ne herefore 
V*+2 V.v sina+z.’ sin «” 

R. cot. L. g 
component when « is east of the 
meridian. 
V’—2 V. v sin a+.’ sin @’ hori i 
R. cot Lg = horizonta 
component when @ is west of the 
meridian. 
_The component of these which is at 
right angles to the line of independent 
movement is obtained by multiplying by 


72 
Ti niaisissiiincmiaiiisinas 
‘i R. cot L. g 

force of the surface at P, which is balanced 
by the curve of the spheroid of revolu- 
tion, it will no longer be considered. 
Therefore 
2 V. v. sip a+ v.* sin a t 

“ig = aaa component at 
right angles with line of easterly 

independent movement. 
| —2 V.v. sin a+.’ sina _ t 
| kwie = componen 
at right angles with line of westerly 
| independent movement. 
| The rotation of a horizontal plane which 
‘is a part of the surface of the spheroid 
|is measured by the angle of the sector, 
/which is developed from the cone de- 
| scribed by a meridian tangent at the point 


plying them by sin L= 


= horizontal 


sin a. is the centrifugal 
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about which the plane rotates. Conse- 
quently this is the measure of the deflec- 
tion of any of the lines of that plane. 
When a body is moving along a deflect- 
ing line it is subject to a deflective force 
equal to the centrifugal force upon a cir- 
cle whose tangent, accompanying the 
body, deflects at the same rate. 

Let VVC be the sector described in 
one revolution by the meridian tangent 
VC=R. cot L, and let the are wv be the 
distance which the independent velocity 
» would accomplish in the same time. 


Then the tangent of the are vv accom- 
panying the body moving with the veloc- 
ity v deflects at the same rate as the radius 


VC. Therefore the centrifugal force on 
vv is the same as the deflective force of a 
body moving with the velocity v along 
the radius VC. As these ares are in pro- 
portion to the velocities with which they 
are described, then V: v: : R. cot L: Cv, 
R. cot L.v 

—> 
R. cot L.v. 

V. 


the radius of the are »y= 
the centrifugal force is v°+ X9g 
_ _V.v 
~R. cot L. g’ 
As the eastern or western component 
of the independent velocity is involved in 
the centrifugal force and the body can 
move along the meridian line only with 
its meridional component, v in the above 
equation must be substituted by this 
component = v. cosa. The deflective 
force would then become 
R. cot L.v cosa.g_V.v. cosa* 
v ~R. cot L. g’ 
This must be multiplied by cos a for 
that component of it which is at right 
angles to the line of the independent 
V. v. cos a’ 


R. cot Lg” 





v.’cos a? 


movement, making it 





As the reaction against this deflective 
force is to the left of the independent 
movement in the southern hemisphere 
and to the right of it in the northern, it 
is towards the equator in either with an 
eastern movement, and towards the pole 
in either with a western movement. 
Therefore, it the independent movement 
is westerly, the component last found is 
a minus quantity when added to the cen- 
trifugal force which is always towards 
the equator. 

The whole force acting at right angles 
with the line of independent movement 
is then 


2 V. v. sin a? +.’ sin a*+V. v. cos a* 
R. cot L. g 
when a is east of the meridian, and 


—2V. v. sin a’ +.’ sin a*—V. v. cos a* 
— ReotL.g oo 
when a is west of the meridian. 

In the latter case the force in question 
will be affected with a minus sign when 
reduced to its numerical value, showing 
it to be towards the pole. When multi- 
plied by the weight of the body at P, the 
result is in pounds. 


——_+-—__—__ 


A soft alloy which attaches itself so 
firmly to the surface of metals, glass, and 
porcelain that it can be employed to sol- 
der articles that will not bear a very high 
temperature, can, according to Amateur 
Mechanics, be made as follows: Copper 
dust obtained by precipitation from a 
solution of the sulphate by means of zinc 
is put in a cast iron or porcelain lined 
mortar and mixed with strong sulphuric 
acid, specific gravity 1.85. From 20 to 
30 or 36 parts of the copper are taken, 
according to the hardness desired. To 
the cake formed of acid and copper there 
is added, under constant stirring, 70 parts 
of mercury. When well mixed, the 
amalgam is carefully rinsed with warm 
water to remove all the acid, and then 
set aside to cool. In ten or twelve hours 
it is hard enough to scratch tin. If it 
is to be used now, it must be heated so 
hot that when worked over and brayed in 
an iron mortar it becomes as soft as wax. 
In this ductile form it can be spread out 
on any surface, to which it adheres when 
it gets cold and hard. 
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ON THE EFFECT OF THE EARTH’S ROTATION ON BODIES 
MOVING ON ITS SURFACE—A CORRECTION. 
By J. E. HENDRICKS. 


Contributed to Van NosTRAND’s ENGINEERING MaGaAZINeE. 


In the October number of this Maga-;to be continued on the tangent plane, 
zine there was published an article by me | while the tangent plane makes one com- 
“On the Effect of the Earth’s Rotation | plete revolution about PT as an axis, the 
on Bodies Moving on Its Surface,” which locus of the body on the tangent plane 
contains several errors that I desire to| will be a circle touching the normal axis 
correct. | at P, and the circumference of which will 

In that article I obtained for the com-| be v multiplied by the time occupied by 
ponent of the deflecting force resulting | the plane in making one complete revolu- 
from the earth's rotation about a normal | tion about PT, viz., one day divided by 


axis at P, the equation, 


. shy g24vsindA 
J= xb —— > (2) 


body did not change its longitude. I) 
neglected, however, to determine the) 


E 





C 


sin A; whence we find, as a measure of 
| the deflecting force at P, the centrifugal 
|force in a circle which is the locus of the 


| bod the tangent plane, 
and I there stated that this equation was | ee 


only correct on the supposition that the | 


zig g 24vsinA 


S=f= Ink ; (2) 
therefore the total deflecting force at P, 


T 





component of the force resulting from | 
the rotation of the earth about its polar | 
axis, which will be found to be exactly | 
the same as that resulting from its rota- | 
tion about the normal axis at P, as fol- | 
lows : 

Let C represent the center of the earth, 
EE’ a part of the equator, EP=A, the 
latitude of P, and let EE’=wRdt be a 
very small arc of the equator. 

If we suppose the meridian at P to be 
a material plane fixed in the sphere and 
revolving with it about the polar axis, 
and if the body passes P with a uniform 
velocity, v, it will be deflected at right 
angles to its line of motion by the uni- 
form motion of the meridian plane about 
its polar axis, and will, therefore, in the 
very small time, dt, describe the circular 





arc, PP’; and if we suppase this motion 


when the direction of the motion is in 
the meridian, is 


spate” @ 





If the direction of the motion at P is 
not in the meridian but makes an angle 
# with the meridian, then the velocity of 
the body, in the direction of the tangent 
TP, is v cos f, instead of v, which being 
substituted for v in equation (2) gives 


,_ aby g 24. cos # sind ; 
f= - a’ 





f+ 


When £ is 90°, cos 6=0, and f+/" 
becomes zero; but in this case we have 
from the body’s motion in longitude a 
centrifugal force 
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| Nowas the first term of the right hand 

member of this equation, which represents 

y? | the sum of all the deflecting forces, what- 

+ Roos 1? | ever the direction of the motion may be, is 

Cos “minus when the motion is westward, and 

and resolving this in the direction of the plus when it is eastward from the meri- 
tangent plane it becomes dian, and the second term is always plus, 

it follows that the deflecting force is least 

‘when the motion is to the west, and 
t| greatest when the motion is to the east. 


(R cos A—v)* 


F=*' =w Reos A—2wv 


~ ReosaA 


w» ReosAsinA—2wv mrs ; 
Reos A 
but of this force, the first term is just. 
what is required to sustain the spheroidal | 
figure of the earth, so that we have left) Note.—Since the foregoing was writ- 
for the efficient deflecting force, when the ten I have received the December Maga- 


motion is to the west, 


EF’ 


v’ sin? A 
R cos V’ 


and when the motion is to the east, 


2wvsinA+ 


v.* sin? A 


F’=2 v sin A+ ———-. 
- Reos aA 


Or substituting for w its equivalent, 
V~+R, and writing 34, g for V’+R, we get 
_ 24v ) va: i yg24v sin A 
27R cos A 27R * 

If the direction of the motion at P is 
not perpendicular to the meridian, but 
makes an angle / with the meridian, the 
motion of the body in longitude at the 
point P will be v sin /, instead of », 
which being substituted for v in equation 
(d) gives 
¥’= (+: 2+ 


F=(+2+ 


siypg24vsinfsinA 
27R 
24 v sin fp 
27R cosA 
AsinaA 


Sie =!) x 
27R cosa 
sin sind 
zR 
vhy g 24 v sin 
* aR 





= 4u 09 24v 


As the. deflecting force represented by 
(a’) is the same whether the body moves 
north or south at the point P, it may be 
written either plus or minus. Hence, 
adding the right hand member of (a’) to 
the first term of the right hand member 
of (’), we get, for the resultant of the 
two forces when the motion of the body 
at P makes an angle / with the meridian, 
supposing the deviation from the meri- 
dian to be westward, 


Soe 24vsinA  24vsin @ 
> —_ 2809 ‘ - + 
(7) aR 27R cosA 
x ube g 240 sin 6 sind 
27K ; 





zine,in which I find a very fair, and 
somewhat elaborate, criticism, by Mr. Rd. 
'Randolph, of my paper in the October 
‘number, of which the foregoing is be- 
‘lieved to be a correction. To most of 
Mr. Randolph's criticism I fully assent, 
‘as it agrees with the foregoing correc- 
tion; but he has failed to supply the 
principal omission in my paper published 
in the October number, viz., the force 7 
in equation (2’), above, and, therefore, 
|his result is still incomplete, and does 
not represent the entire deflecting force. 

| ‘The only part of Mr. Randolph's criti- 
cism, which demands any reply by me, is 
his charge that my method of determin- 
ing f is “unphilosophical,” “and will 
prove a stumbling block.” 

| This charge is not warranted from the 
| conception embraced in the method em- 
ployed by me, but is, to a certain extent, 
| by a verbal inaccuracy in my statement 
\of the case. Instead of saying, as I did, 
“and hence will be compelled to describe 
a circle, and will return to P, &e.” I 
should have said, “and hence will, at the 


)| point P, describe an indefinitely small are 


of a circle, in which, if the body should 
continue to move, it would return to P, 
| &e.” 

The actual curve described by the body 
on a tangent plane, if deflected by the 
revolving meridian, would, of course, be 
the spiral of Archimedes, of which P is 
the pole; but we only have to deal with 
the curve at the point P, where we know 
the velocity of the describing body and 
the amount of its angular deflection, and, 
‘consequently, know all the elements: of 
the circle in which it is moving when in 
|the point P. Its deflection at the point 
|P is, therefore, the measure of the cen- 
trifugal force due the circle in which the 
| body is moving at the point P. 
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THE HOWE TRUSS BRACE, AND THE GENERAL EQUATION 
OF THE FOURTH DEGREE. 


By JOHN D. CREHORE, Cleveland, Ohio. 


Contributed to Van NosTrRAND’s ENGINEERING MAGAZINE. 


Tue inscription of a rectangle of given 
width within a given rectangle is not a 
new problem ; but the following solution, 
II, accurate far beyond the working limits 
of the Howe Truss brace and block, I! 
have nowhere seen. 

In the accompanying figure let ABCD 
be the given rectangle, or panel of the 
truss between the top and bottom chords ; 
FGMN the required rectangular surface of 
brace; and FGB=MCN=the required 
brace-block section. Let O be the 
common center of the two rectangles ; 
draw the diagonal BOC, also the lines OE 
and OH in the centers of their respective 
rectangles. 


Take EB=AE=a=given half-width. 
EO=OL=6 =given half-length. 
OH=/=required half-length of 

brace. 
FH=HG=c=given half-breadth 
of brace. 

Angle BOE=za, given. 

BOH=<¢, required. 
EOH=y, required. 
I. From the figure we have angle 
BFG=EOH=y=a—é, 
a=c cos y+/ siny 
b=/1 cos y+e sin y 


(1) 
(2) 


(3) 
_a—coosy_ b—csin y (4) 
sin y cos y 
esin’y—c cos*y—d sin y +a cos y=o. (5) 
But sin’y=1—cos’y ; therefore equation 
(5) after reducing becomes 





cosy feos" +(£ O° 
er de 


hangs eee 
-1) cos'y + 5 


2 
cos yr =o. (6) 
Take a= 5 feet. 
b=: 7.5 “ 
c= 0.5 “ 
then equation (6) gives 
Vor. XXX.—No. 1—4 





cos‘y —10 cos*y + 80.25 cos*y 
+5 cos y—56=0, (7) 


Solving by Horner’s method, we find 


cosy =.84498498=FB=2c cos y. 
.. siny=.53479004—BG= 2c sin. y 
since F@=2c=1 foot=radius in FBG." 
.. Y=32° 19’ 46.82. 
But tan =. .*. a=33° 41’ 24.25 
é=a—y=1° 21’ 37.43. 
sin a=.554700196. 
cos 4=.832050294. 


From (4), 2/=17.118896 feet. 
= required length of brace. 


This is thej ordinary solution, and is 
exact so farjas,we please to carry out the 
decimals. 

IL. If we fput a—e for y in equation 
(5), and take the well-known trigono- 
metrical values of sin (a—é) and cos (a— 
é), and also substitute 1—sin’e for cose, 
remembering that a cosa=6 sin a, we find, 
after reducing, 
asin a+ cosa—4c cosa sina cosé 

2 (cos*a—sin*a) 
sin e=}, (8) 

Now, since ¢ is always a small angle in 
practice, and ¢ is also small, no appreci- 
able error will be committed if we put 
cos €=1 in the small third term of the 
numerator, equation (8). Making this 
substitution, and making no other varia- 
tion from strict rule, we have 
asin a+ cos a—4c cos a sin 4@ 

2c (cos*a—sin* a) 
sin é=}, (9) 
which is of the second degree with re- 
spect to the unknown quantity, and gives, 

using the above values of a, 0, c, and a, 
sin ¢=.02374189, nearly. 
* €=1° 21'37."57, « 
y=a-- €=32° 19’ 46.68. “ 





sin’ €4- 





sin’? €+ 
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From (4), 2=17.118910 ft. “ 
siny =.5347894—=BG, “ 
cosy =.8449854=—FB, “ 

since FG=2c=1 foot. 


ITI. In the May number of this Maga- 
zine for 1881, Professor P. H. Philbrick 
has given, together with the exact solu- 
tion by Horner’s method, an approximate 
solution based upon the substitution of 
sin a for sin y, and cos a for cos y, in the 
second member of one of his fundament- 
al equations, thereby avoiding expres- 
sions of a degree higher than the second. 
He also puts (continuing my notation) 
the length of brace, 





21=BC—2BI, 


if BI in my figure were drawn at right 
angles to FG, as it is not. 

His fundamental equations, using my 
figure and notation, and reducing, are 


sin’ y+cos* y=1 (10) 


cos y_b—c sin y 

sin y a—ccosy 

Putting a for y in the second member 

of (11), and combining with (10), he 
gets 


(11) 


b—csina 
008 Y= 4/(a—c cos a) +(b—csin a) 








, (12) 
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7 a—c cosa 
a aig a/(a—c cos a)? +(b—c sina) 
which give cos y=.84430985=2c cos y= 








3 (13) 


’ 


with the above values of a, 5, c, and a. 
we y= 82° 24 7.01. 
é=a—y=1° 17’ 17”.24. 


sin y=.53585528=2c sin y=BG, 





2i=24/(a—c cos y)'+ (b—c sin y)' (14) 
=17.118357 ft. 

Or, 

21=2,/ a? +b'—4c sin y cos y 
=17.122901 ft. 


(15) 





Arranging results in tabular form for 
comparison, we have: 





FB. BG. 


| Error assumed. 


MF. 








ft. | 
-58479004 | 
.58478940 
.00000064 


-53585528 


| 
By equation (6). | 

“ee se (9). 2 | 
Error resulting...) + 
By eq. (12)(18)(14) 
Error resulting. ..| —.00067513 
By eq. (15)... 
Error resulting 








ea? 

17.118896 | 

17.118910 | 
14 


+. 
17.118357 


32° 19’ 46.''82 
32° 19’ 46.68 
14 


~ 99° 94” 7.01 


0. 
cos ¢ .0002820 


sin y,+.0199102 
| cos y,—-0129347 








From this example, which is an ex- 
treme case since the depth of brace is 1 
foot and the panel comparatively small, it 
will be seen that equation (9) is almost 
absolutely exact, while equations (12), 
(3), (14), give results practically accu- 
rate. 

The reader will smile at the precision 
implied in the remote decimals of this 
table ; but he will also see that these deci- 
mals were necessary in order to show the 
7 resulting from the use of equation 

IV. Again in this Magazine for De- 
cember, 1878, Professor W. Allan has 
discussed this problem and given the 
graphical solution indicated at CPL in 
my figure. 

He inscribes the two rectangles F@MN, 
G3MQ, having the common vertices G 
_ M, and gets the fundamenta: equa- 
ion 

y’—2* —2 by + 2ax=0, 
where x=2c cos y=FB, 
y=2c sin y=BG, 
of my notation, and eq. (16) is identical 
with equations (4), (5), (11). 

Then, after pointing out certain rela- 
tions of the areas of the rectangles, 
Professor Allan makes this strange re- 
mark : 

“ The face or hypothenuse of the block 
s equal to the breadth of the brace, and 
is the dimension given. The relation be- 
tween this and one of the sides of the 


- (16) 


block leads, as Professor Woods remarks 
in his book, to an equation of the fourth 
degree, which is insoluble.” 

Now I suppose it is widely known that 
even the general equation of the fourth 
degree is solvable, and that numerical 
equations of any degree yield to such 
methods as Horner’s. But it may be 
helpful to some to insert at the end of 
this article a solution of the general 
equation of the fourth degree, which I 
invented in 1865, before I knew that it 
was essentially Descartes’ method in- 
vented long ago. 

Professor Allan finally constructs the 
equilateral hyperbola CSP, from equation 
(16), the origin being at C, since, if 


=0, xr=0 or 2a, 
’ 





x=0, y=o or 26; 


showing that one branch of the hyper- 
bola passes through C and D, the other 
through A and B. 

Then with C as a center and a radius 
=2c=the chord CS, find the point 8, 
whose co-ordinates are manifestly x and 
y. This is a neat and sufficient solution, 
provided great care be taken in drawing 
the hyperbolic are. 

V. The Mathematical Monthly for 
March, 1859, edited by Professor J. D. 
Runkle, contains a practical solution of 
this problem, by Professor D. H. Mahan, 
which is shown in my figure at A. 

With O as a center and a radius, or 
radii, about equal to half the unknown 
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length of the brace, describe the arcs 1, | 
2, 3, etc., near A. Then with these points | 
1, 2, 3, ete., as successive centers, and a/ 
constant radius=2c=width of brace, de-| 
scribe ares intersecting the former arcs. | 
Through these points of intersection draw 
a curve; the point where this curve 
meets the side AC, is one vertex of the 
inscribed rectangle required; the other 
vertex 3 is easily found. 

VI. In conclusion, I would suggest an 
easy solution by means of the graduated 
T square shown in place in the lower 
right hand quarter of my figure. The, 
drawing is a sufficient explanation of the | 
construction and use of the instrument, | 
when it is stated that, along the gradu- 
ated edge of the scale at O, there is a 
very narrow slit exactly in the center of) 
the long arm of the square, in which a 
very fine needle point piercing the paper | 
at O, slides as the other scale is adjusted 
to the given width of brace at Q. Of 
course the needle may be attached to a 
sliding Vernier plate at O, and the end- 
scale may also have a Vernier reading. 

VII. A method of reducing the general 
equation of the fourth degree to the gene- 
ral equation of the third degree, believed 
to be unpublished hitherto. 

Let the given equation be 


a +ma’+dx?+he+n=0. (17) 


As this equation contains two pairs of 
roots, real or imaginary, we may suppose 
its first member resolved into two factors 
of the form 


(x? +sx+t) (2’?+8,7+t,)=0 
2’+sx+t=0 
x'+82+t,=0 


(18) 
(19) | 
(20) 
each of which contains one pair of the | 
required roots, each pair being both real | 
or both imaginary. 

The assumed co-efficients s, s,, ¢, ¢,, are’ 


to be determined. 
The product of (19) and (20) is 


v+(s+s,)a°+ (¢+s3,+¢,) 2+ (8,¢+8t,) x | 
+tt,=0 (21), 
which must be identical with the given | 
equation (17). Therefore, | 
m=st+s8, | 
d=t+ss, +t, 
A=s,t +: st, (22) 
n=tt, 


Eliminate s and s, from (22). 
“. mh(t+t,)—m’n—h=d(l —2tt, + t,’) — 
(?—¢t,—tt,+1,°) (28) 
Form (22) 4dn=4dtt, (24) 
and =—A4A(t+¢,)m=—4t*t,—4tt,’ (25) 


The sum of (23), (24), and (25) is, after 

reducing, 
(¢+2,)’—d(t+¢,)’ + (mh—4n) (¢+t,) +4dn 
—mn—h?=0 , (26) 
which is of the third degree as required, 
and gives ¢+¢,, so that ¢, ¢,, s, s,, may be 
found from (22), and therefore z, from 
(19) and (20). 

It will be noticed that this reduction 
differs from that of Descartes in these 
particulars : 

1. The second term of (17) is not made 
to disappear. 2. Four undetermined 
quantities are assumed instead of three. 
3. The resulting equation (26) is of the 
third degree involving two undetermined 
quantities, instead of involving only one 
to the sixth degree. 

We may continue this solution by the 
use of the well-known Cardan’s formula, 
which in the present case becomes 


st (stv 4)” 


+G-/ 


t= 
t+é, 3 


(27) 


—+ 7 


+r). 
4 


if we put -< +4(mh—4n) 


2 
- ~ (mh-4n)-4dn+m'?n+h?=v. 


=", 


and 


27 
Comparing equations (7) and (17), we 
find 
x=cos y 
m=—10 
d=80.25 
h=5 
n=—56 
* £=—657.5625 
v=46029.09375 
From (27),¢ + ¢,=80.012392809 
From (22), 4¢¢, = —224 
t—t, = —81.400141296 
t = —.6938742435 
t, =80.7062670525 
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From(22), s+s,=—10 | Only such values of the undetermined 
ss =d--(t+t,) quantities as conduct to the desired re- 
ine . sult, have been retained, and the “ir- 
8—s,=9.952365107 reducible case” of Cardan’s rule, happily 
$= — .0238174465 not being required in this example, has 

not been discussed. 
8, = —9.9761825535 However gratifying it may be to work 
From (19), cos*y —0.0238174465 cos y= by a complete formula, it is casy to see 
6938742435. ‘that Horner’s method of approximation 
for numerical equations requires far less 
-*. Can y= BEMSOEEST labor than the general salads when 
which is sufficiently near to the value many decimals must be used and you 
found by Horner's method, to establish have only seven decimals in your loga- 

the correctness of both solutions. rithmic tables. 
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By Mr. P. M. PARSONS, M.LC.E. 


From “Iron.” 


Berore entering on the immediate sub-| John Anderson, late superintendent of 
ject of this paper, I propose to give a| the Royal Gun Factories and inspector 
brief description of what has previously of machinery to the War Department, 
been done in the same direction, and to carried out a number of experiments 
review the theoretical considerations with similar alloys, and with some very 
which have led to the production of | good resuits, but no practical applica- 
manganese bronze. Many samples of tions of any of them appear to have 
bronze made by the ancients have been| been made. The addition of iron un- 
found on analysis to contain a small per- questionably increased the strength and 
centage of iron, but, as far as I am/| hardness of these alloys, but the experi- 
aware, no traces of manganese have ever; ments I have made show that they ac- 
been discovered. It is not unlikely the | quire these qualities at the expense of 
ancients knew that the addition of iron | ductility and toughness, and it is prob- 
to bronze would increase its hardness, | ably on this account that they have not 
and introduced it with that view. In| vome into general use. Besides these, 
more recent times, the combination of | various other inventors have proposed to 
iron with the brass alloys seems to have | combine iron with the brass alloys ; but 
engaged the attention of inventors con-|only Mr. Alexander Parkes and the late 
siderably, and a few have also introduced | Mr. J. D. Morris Stirling, both eminent 
manganese by reducing the black oxide, | metallurgists, proposed the use of man- 
and combining it with the copper, but | ganese, and appear to have carried their 
none of these alloys appear to have ideas into practice. Mr. Parkes’ inven- 
shown sufficient advantages to. lead to | tions consisted in combining manganese 
their permanent adoption. Among the| alone with copper, and using this alloy 
earliest uf these inventors was James instead of ordinary copper with zinc, to 
Kier, who, as far back as the year 1779, | form improved alloys of krass, yellow 
proposed an alloy of 10 parts of iron| metal, &c., of which to make sheathing, 
with 100 of copper, and 75 of zine. Al- | rods, wire, nails, and tubes, &c. Mr. 
loys of a similar character to this, but | Everitt, of Birmingham, has also lately 
containing less iron and different pro-| brought forward an alloy made in a 
portions of copper and zinc, were sub- | similar manner. 
sequently introduced under the name of| No comparative experiments as to the 
sterro metal and Aitch metal, and Sir| strength, hardness, or ductility, or other 

: ~| qualities of these alloys, have come un- 
ciation ot Southport.” a en my notice, but I believe the only ef- 
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fect of the manganese alone, is to add | a small proportion of ferro-manganese. 
somewhat to the toughness and ductility The ferro-manganese is melted in a sep- 
of the alloys, and allow copper and zine, arate crucible, and is added to the cop- 
of a somewhat inferior quality, to be| per when in a melted state, and at a suf- 
used in the manufacture of brass and ficiently high temperature. The effect 
other similar alloys, which without the of this combination is similar to that 
manganese would not stand the working produced by the addition of ferro-man- 
necessary to shape them into the various ganese to the decarburised iron in a 
articles for which they were destined.| Bessemer converter; the manganese in 
Mr. Morris Stirling, in 1848, however,|a metallic state, having a great affinity 
proposed to use manganese in various for oxygen, cleanses the copper of any 
brass alloys, in which iron was present, oxides it may contain, by combining 
but in a very different manner from that | with them and rising to the surface, in 
employed by me. Mr. Stirling first com- the form of slag, which renders the 
bined about 7 per cent. or less of iron, metal dense and homogeneous. A por- 
with the zinc, and added to the copper a tion of the manganese is utilized in 
small percentage of manganese, by re- this manner, and the remainder, with the 
ducing the black oxide of manganese/iron, becomes permanently combined 
with the copper, in the presence of car-| with the copper, and plays an important 
bonaceous materials, and then added to|part in improving and modifying the 
it the requisite quantity of the iron and quality of the bronze and brass alloys, 
zine alloy to make the improved brass re- | afterwards prepared from the copper 
quired. Mr. Stirling described a method thus treated; the effect being greatly to 
of combining the iron with the zinc by |increase their strength, hardness, and 
fusion, but in practice he found a more | toughness, the degrees of all of which 
ready way of procuring the zinc and iron | can be modified at will, according to the 
alloy by employing the deposit found at quantity of the ferro-manganese used, 
the bottom of the tanks used for contain-|and the proportions of the iron and 
ing the melted zine for galvanizing iron | manganese it contains. By these varia- 
articles; this product consists of zinc | tions, together with variation in the pro- 
with from 4 to 6 per cent of iron, but| portion of copper, tin, and zinc em- 
this percentage is very variable, and this| ployed, a most valuable range of new 
material is useless if the amount of iron ;alloys have been produced, possessing 
is required to be adjusted with accuracy. | qualities in the way of strength, hard- 
A variety of metal made by this process | ness, and toughness, &c., far beyond any- 
was in use for some time for carriage | thing yet obtained in any similar alloys. 
bearings, on the London and Northwest- | It will be seen that the process described 
ern Railway and others, with very good of making the manganese bronze is al- 
results; but it has long since been sup- | together different, both in principle and 
erseded, and I feel satisfied it was never | effect, from Stirling’s or Parkes’ inven- 
introduced for any purposes where the | tions. By Stirling’s method, combining 
requirements were great strength, hard- | the iron with the zinc, in order to intro- 
ness, ductility, &c., which may be partly | duce it into the alloys, altogether pre- 
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accounted for by the defect which all 
these alloys possess in common, viz., the 
great difficulty of producing sound cast- 
ings of them in sand moulds with any 
certainty. © | 
These, then, were the chief inventions 
that have come under my notice at all 
approaching mine in character or similar- 
ity, at the time I introduced it, and 
which I will now proceed to describe : 
The manganese bronze is prepared by 
introducing and mixing with the copper 
(to be afterwards made into alloys, simi- 
lar to gun metal, brass, bronze, or any 
other alloy of which copper forms a base) 








cludes its use in any but those alloys in 
which a considerable portion of zinc is 
employed, such as brass or yellow. metal. 
It could not be applied to any of those 
important alloys, of the nature of gun 
metal, or bronze, in which copper and tin 
are the chief ingredients, and which form 
some of the most important qualities of the 
manganese bronze; but an equally im- 
portant difference in the manufacture of 
manganese bronze consists in adding the 
manganese in its metallic state, in the 
form of ferro-manganese, to the copper, 
by which the copper is cleansed from ox- 
ides as before explained, which can 
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never be the case when the manganese 
is reduced from the black oxide and com- | 
bined with the copper by one and the | 
same operation, in the manner pursued 
by Parkes and Stirling. 

Another point of great importance is 
the very great nicety with which both 
the iron and manganese can be adjusted, 
and the effect controlled by adding the 
ferro-manganese to the copper, as pur- 
sued in the manufacture of manganese 
bronze. The amount of manganese re- 


quired for deoxidizing the copper, and | 


for permanent combination with it, hav- 
ing been ascertained by experience, it is 


found that very slight variations in quan- | 


tity have a perceptible and ascertained 
effect in modifying the qualities of the 
alloys produced; that is to say, the 
toughness can be increased, and the 
hardness diminished, or vice versa, at 
will, precisely as is done in the manufac- 
ture of steel, by increasing or diminish- 
ing the dose of carbon and manganese. In 
preparing the ferro-manganese for use, 
that which is rich in manganese, contain- 
ing, say, from 50 to 60 ¢, is preferred; 
this is melted with a certain proportion 
of the best wrought-iron scrap, so as to 
bring down the manganese to the various 
proportions required. About four quali- 
ties are made, containing from about 10 
to 40 per cent. of metallic manganese. 
The lower qualities are used for those 
copper alloys in which the zine exceeds 
that of the tin, and the higher qualities 
in which tin is used alone, or exceeds 
that of the zinc used in combination ; 
and the amount of ferromanganese 
added varies generally from about 2 to 4 
per cent. After a number of experi- 
ments and tests, the Manganese Bronze 
and Brass Company, who are the sole 
manufacturers of the manganese bronze, 
have adopted the manufacture of five dif- 
ferent qualities of manganese bronze, al- 
though other varieties can be produced 
for special purposes. The distinctive 
features, peculiarities, and purposes for 
which these qualities are suited, are as 
follows: 


No. 1. In this quality the zinc alloyed 
with the copper is considerably in 
excess of the tin. 


It is cast into ingots in metal moulds, | 
and then forged, rolled, or worked hot, | 
and made into rods, plates, sheets, 


‘limit rises to over 30 tons, 


‘sheathing, and it may also be worked 
|cold, and drawn into tubes, wire, &c. 
| When simply cast it has a tensile 
|strength of about 24 tons per square 
inch, with an elastic limit of from 14 to 
15 tons. When rolled into rods or 
plates it has a tensile strength of from 28 
to 32 tons, with a limit of 15 to 23 tons 
per square inch, and it stretches from 
20 to 45 per cent. of its length before 
| breaking. When cold rolled, the elastic 
and the 
breaking strength to about 40 tons, and 
it etill elongates about 12 per cent. be- 
fore breaking. 


No. 2 is similar to No. 1, but still 
stronger, and it can, with the re- 
quired care, be cast in sand when 
it is required to produce castings 
for special purposes, possessing 
the greatest strength, hardness, 
and toughness, but it must be 
melted in crucibles; passing it 
through the reverberatory furnace 
injures the metal, and causes un- 
sound castings. It is not, there- 
fore, adapted for general brass- 
founders’ purposes, and those 
only who understand its peculiar- 
ities, and are experienced in its 
use, should attempt casting it in 
sand. 


One of the most important applica- 
tions of this quality is that of producing 
articles cast in metal moulds under press- 
ure. Blocks of this metal thus simply 
cast have all the characteristics of forged 
steel, as regards strength, toughness, 
and hardness, without any of its defects. 
It is perfectly homogeneous, and, while 
not possessing a fibrous texture derived 
from rolling or hammering, it is still 
fibrous in character, and this in not one 
but in all directions alike, and when 
broken shows a beautiful silky fracture. 
Its tensile strength is from 32 to 35 
tons per square inch, and its elastic 
limit from 16 to 22 tons, with an ultim- 
ate elongation of from 12 to 22 per cent. 
It can be cast on to any object, and will 
shrink on to it with a force equal to its 
elastic limit, and when released will show 
an amount of resilience of about double 

| that of steel. Thus a hoop, shrunk on to 
a solid cylinder of iron, gave the foliow- 
ing results: It stretched when hot ‘03 of 
| its diameter, in the process of contraction, 
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and when cold and released sprang back 
about 003 of its diameter. As regards 
hardness, it is about equal to mild steel. 
To ascertain its efficiency in this respect, 
and to compare it with gun metal, 
wrought iron and steel, the following 
tests were made, by forcing a knife 
edged angular die into the flat surface of 
each of these metals, and the No. 2 man- 
ganese bronze cast under pressure. To 
make a dent of equal length in each of 
these, the following pressures were re- 
corded : 


Wrought iron 
Mild steel 


Manganese bronze as cast 
Manganese bronze as cast, hard- 
ened by pressure 


All these results point to this material 
as a most suitable one for the construc- 
tion of hydraulic and other cylinders, 
required to stand great strains, and par- 
ticularly for ordnance. The Manganese 
Bronze and Brass Company are now 
making arrangements for casting a block 
in this metal to be made into a gun, and 
the results are being looked forward to 
with much interest, as, should this prove 
successful, the material is likely to be- 
come a formidable rival to steel and iron, 
for the construction of artillery, as, al- 





though the metal itself is more costly, 
the simple way in which it can be manip- 
ulated will make the total cost less, and | 
the time required to construct a gun of | 
it will probably be less than one-fourth 
of that required to build up iron or steel 


guns. 


No. 3. This is an equally important 
alloy with the last, but possessing 
altogether different qualities, and 
suited to different and more va- 
ried applications. 


It is composed principally of copper 
and tin, in about the proportions of gun 
metal, combined with a considerable 
dose of ferro-manganese. Its chief char- 
acteristics are very great transverse 
strength, toughness and hardness, the 
facility with which it can be cast, and the 
soundness and uniformity of the castings 

roduced, without any special care hav- 





ing to be taken beyond what is ordinar- 


ily given in casting gun metal. It also 
possesses this very important advantage 
in the production of large castings, that 
it may be melted in an ordinary rever- 
beratory furnace without injury to the 
metal; very careful analysis of this alloy 
before and after passing through the 
reverberatory furnace, showing that there 
is no appreciable alteration in its consti- 
tuents. A bar of this metal cast in sand 
in the ordinary way, one inch square, 
placed on supports 12 inches apart, re- 
quires upwards of 4,200 lb. to break it, 
and before breaking, it will bend to a 


-|right angle, and it will sustain from 


1,700 to 1,800 lb. before taking a per- 
manent set. These results are in every 
respect fully up to those of the best 
rolled wrought iron, as some test bars 
of both exhibited will show; we have, 
therefore, in this a material which can be 
cast with facility into any intricate form, 
which it would not be possible to forge 
in iron, yet possessing all its strength, 
toughness, and hardness. This quality 
of manganese bronze is used for a vari- 
ety of purposes, including spur, bevel, 
and all kinds of toothed wheels, gearing, 
worms, and worm wheels, framing brack- 
ets, and all kinds of supports and con- 
nections of machines, crank pin brasses, 
the shells of main and other bearings of 
marine and other engines, axle-boxes, 
and other parts of locomotive engines, 
and it has been found admirably adapted 
for statuary and art purposes generally, 
being much admired for its fine color, 
| but the latter quality is quite a matter of 
taste, and the members of the associa- 
tion will be able to form their opinion 
thereon by examining the beautiful 
clock and ornaments, kindly lent by 
Messrs. Elkington & Co., made of the 
manganese bronze. The metal also 
seems to be peculiarily adapted for large 
bells. The advantages in this latter ap- 
plication are that bells cast from it pos- 
sess the same or greater sonorousness, 
with a more mellow tone, and are at the 
same time so tough that they cannot by 
any means be cracked like bells made of 
ordinary bell metal, which is obliged to 
be made brittle in order to acquire the 
requisite sonorousness. The sound of a 
bell is also, to some extent, a matter of 
taste, and those who take an interest in 
this question may form an opinion as to 
the suitableness of the manganese bronze 
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for this purpose by sounding the one ex- | In consequence, it has now been deter- 
hibited. ‘mined to adhere solely to the No. 3, as 
But the most important application this quality has always given the greatest 
from a commercial point of view is un-| satisfaction, both as to its facility in cast- 
doubtedly that of steamship propellers.|ing and efficiency under trial; and 
Owing to the great strength of this | further experience proves the supposed 
metal, and its non-liability to. corrosion, | galvanic action to be only a myth, or if 
propellers of it can be made thinner than | there should be a tendency to it, it is 
even those of steel; the surface is effectually prevented by lining the inside 
beautifully smooth, and when cast they of the stern frame with zinc strips. A 
are theoretically true to form, whereas in | proof of its soundness and tenacity was 
steel propellers allowance has to be made | shown in an accident which occurred to 
inst the corrosion which takes place, | one of the blades of the Garth Castle, 
and their deficiency in toughness, by in-|at its launch from the yard of Messrs. 
creasing their thickness, and their form | John Elder & Co., in 1880, when one of 
becomes distorted in the annealing oven|the blades came in contact with the 
they have to pass through after being | jetty,and was bent round without even 
cast. For these reasons the manganese a crack to nearly a right angle, and was 
bronze has a great advantage over steel. | afterwards hammered back cold to its 
It has been proved conclusively by the | original form without detriment. 
logs of a number of steamships that have| ‘Lhe other qualities, Nos. 4 and 5, of 
had their steel propellers replaced by | the manganese bronze, have no particular 
manganese bronze blades that their | claims to strength, but are most effective 
speed has been increased, and the con- | for the purpose of bearings, slide valves, 
sumption of coal diminished, while the | slide blocks, piston rings, &c., and in all 
weight, vibration, and strain on the ship| situations where friction occurs, and 
and machinery is considerably reduced. |much more durable than ordinary gun 
In addition to this, all these advantages metal. Before concluding, I may add a 
are secured at a considerably less ultim- | few words on the art of brass founding 
ate cost than by the use of steel, taking | generally, and I cannot help saying that, 
it upon the average life of a vessel; for as at present practised, itis very far behind 
although the first cost of a manganese what might be expected in these days of 
bronze propeller, or a propeller with progress. In the manufacture of iron and 
manganese bronze blades, is double that | steel an amount of scientific knowledge 
of steel, it is indestructible, whereas at has been brought to bear, which elevates 
the end of about every three years, the these industries into scientific processes, 
steel blades become so pitted and cor- but I can discover nothing of the kind in 
roded that their renewal will be indis-| bronze and brass founding—everything 
pensable, which brings up the total cost is there done by the rule of thumb, and 
of the steel blades on an average to two | that in a most clumsy manner. The idea 
or three times that of manganese bronze. of combining the various metals to form 
That the manganese bronze propellers the alloys required in atomic proportions, 
are incorrodible, and in every other does not seem to have been ever enter- 
respect efficient, has now been proved by | tained, and even the books written for 
experience, as some have been at work | the practical guidance of bressfounders, 
approaching three years, and are as per- ignorethis important principle altogether. 
fect in every respect as when first ap-|I must not be understood as applying 
plied. Some time after introduction of this remark to Dr. Percy, or Mr. Mallet, 
the No. 3 quality for propellers, the No.| and other scientific metallurgists, who 
2 was used for some propeller blades, as | have drawn attention to the subject, and 
fears were entertained as to the No.3 made valuable suggestions respecting it 
setting up galvanic action and corroding | in their well-known works, but I allude 
the stern frames, Most of these pro-|to that class of books generally termed 
pellérs stood well, but some of the blades | handbooks, and the like, which contain 
failed, and it was found on examination | instruction of the most clumsy and un- 
that the castings were unsound, owing | scientific character, for making different 
to the metal having become deteriorated alloys,thus for gun metal the proportions 
by melting in a reverberatory furnace. | given are 1 lb. of copper to 2 ozs. of tin, or 
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if required to be harder 2} ozs., or 24 ozs., | until the tin arrives at another definite 
and so on; then, as regards brass, it may atomic proportion, when an alloy of a 
be 70 lb. of copper and 30 Ib. of zinc, or | different character appears, but it then 
60 lb. of copper and 30 Ib. of zinc, or 60; again becomes close grained, sound, 
lb. of copper and 40 lb. of zinc, for yel-| homogeneous and stable. As a further 
low metals. Now, not one of these al-| proof ef the soundness of this theory, 
loys or others described are in atomic the No. 3 quality may be passed through 
proportions, and that is the reason why an ordinary reverberatory furnace, and 
unsatisfactory results are constantly oc- although, in being thus treated, it is ex- 
curring in ordinary brass founding ; not posed for a considerable time to the ac- 
only are the copper alloys thus produced |tion of an oxydizing flame, no appreci- 
weak, soft, spongy and porous, but it is able diminution of the tin in its composi- 
a constant occurrence that the constitu-| tion has been detected. Then, again, 
ents vary in different parts of the cast-|both the No.1 and No. 2 may be re- 
ing. melted several times in the crucible, if it 
This is the case principally in the is done with care, without any alteration 
gun metal and bronze alloys. The sur- of their components. It is well known 
plus tin above that forming a definite al- , how difficult it is to melt brass and yellow 
loy in atomic proportions, seems to be} metal, even in a crucible, when every 
held in mechanical suspension, which precaution is taken, without some of the 
separates by liquation, and collects at the zine escaping in fumes; this also, to a 
top of the casting as it cools and solidi- | certain extent, occurs in melting the No. 
fies, causing the well-known tin spots,|1 and No. 2 manganese bronze, but the 
sponginess, &c. The only remedy the zinc apparently carries with it its atomic 
ordinary brassfounder has for this, is to | complement of copper, so that the pro- 
use as large a proportion of scrap metal portions of what remains are not. dis- 


as he can get—he does not know why, he ‘turbed. I am led to this belief, not only 


only knows that he gets better castings |by examining the metals after re-melt- 
by using it, but the true reason is that |ing, but by the color of the condensed 


the scrap metal has adjusted its constitu- | 


fumes, which, instead of being white as 
ents in atomic proportions during the they are when produced from zinc alone, 
several re-meltings it has undergone, any | have a beautiful pink color, which I can 
surplus tin or zine being got rid of by only attribute to the presence of copper. 
liquation and oxydation, but if in the Another and perhaps still more palpable 


original manufacture of the alloy the 
metals are combined in atomic propor- 
tions, nothing of this kind happens, the 
castings are sound and the alloys homo- 
geneous. In the manufacture of manga- 
nese bronze, this principle is always kept 


proof of the value of combining the 
metals in their atomic proportions, is 
that, when this is done, the specitic grav- 
| ity of these alloys is perceptibly increased 
over those not so combined, even though 


|» 


/in the latter case the heavier metal be in 


in view, and all the different qualities | excess. I was much struck by this fact 
produced have the metals they are com-|in taking the specific gravity of some No. 
posed of combined in atomic propor-|1 manganese bronze, which contains a 
tions. | large amount of zine, and which, judging 

Wheiher by this a really chemical com-| by its constituents, ought to be a com- 
bination is effected it is difficult to say,| paratively light metal; but the trial 
but this much I can vouch for, that the | proved that it was about equal to that of 
alloys thus produced are finer in texture, | ordinary gun metal, composed of copper 
more homogeneous, stronger, and of a/|and tin, and very considerably above the 


very much more stable character, than 
when not so combined; thus in the No. 
3 quality the addition of + per cent. of 
tin, instead of making it harder and 


stronger, as it ought to be, according to’ 


the ordinary accepted ideas, actually 
makes it softer, weaker, and the grain 
coarser, and the same thing occurs if the 
additional tin is increased 4 or 1 per cent. 


mean weight of the metals composing it, 
indicating to my mind that these metals 
must have combined in such a manner as 
each to fit into and fill up the infinitesi- 
mal spaces between the molecules of the 
other, and if not actually forming what 
chemists would admit to be a perfect 
chemical combination, certainly more 
nearly approaching it than when the 
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metals are mixed together in the haphaz-| copper, in freeing it from the oxides it 

ard manner usually prevailing. I bave| contains, and thus bringing the metals 
no doubt that these combinations and the added to it into actual contact, and enabl- 
stable quality of the manganese bronze | ing them to combine in a more perfect 
alloys is also due very materially to the ‘manner than has been accomplished hith- 
action of the metallic manganese on the | erto. 





ACCOUNT OF SOME TESTS OF RIVETED JOINTS FOR 
BOILERW ORK. 


By CHARLES HENRY MOBERLY, M. Inst. C. E. 
From Selected Papers of the Institution of Civil Engineers. 


Havine to design the joints for some! The discrepancy between these two 
steel boilers which the author’s firm had sets of conclusions is considerable, but 
to construct, in the spring of 1881, he not greater, perhaps, than is continually 
decided to be guided by the following, as'met with, as yet, in experiments on 
the most suitable data of which he had riveted steel-plate joints. The joint 
any knowledge : designed for the boilers in question was 
# 1. Some double-riveted lap joints of -5,- | a double-riveted butt-joint with double 
inch Landore §S plates, with Landore steel | covers, the inside cover being ;;-inch 
rivets, tested by Mr. Kirkaldy for the au- | thick, and the outside one ,4 inch thick, 
thor’'s firm in 1879, giving results as/| to bear the caulking, as shown in Fig. 1, 
under : 








Diameters given are those 
Of the punches and dies used. 








Breaking strength of the solid plate; Pitch of rivets, 3.775 inches. 
per square inch= 25.85 tons. Distance between rows of rivets, 1.5 
Breaking strength of the plate in the inch. 
joint per square inch of original area : 
os ris 1 33. hg 8 an a - rivets to edge of plate, 
Shearing strength of rivets in the : ' 
joints per square inch=19.4 tons. : ; , , 
2. Professor Kennedy’s experiments on , Diameter of rivets, ?-inch nominal. 
steel-riveted joints, made for the Re- 19 punch, }# inch=0.8125 in. 
search Committee of the Institution of | Ris “Fh + 4x pe =0.925 
Mechanical Engineers, from which the | inch. 
following is taken as a fair conclusion: Mean diameter of holes = 4 (0.8125 
Breaking strength of the solid plate, +0.925) = 0.8687 inch, say 0.87 inch. 
per square inch=29 tons. Net length between the holes along the 
Breaking strength of the plate in the straight line=3.775—0.87=2.905 inches 
joint per square inch of original area for each pitch; and along zigzag line=2 
fractured =33 tons. (2.41 —0.87)=3.08 inches. 
Shearing strength of rivets in the) Area of one rivet 43 inch in diameter 
joints per square inch=22 tons. | =0.5185 square inch; hence rivet area 


Lap, 3.75 inches. 
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! a 
to resist shearing =4 x 0.5185 = 2.074 / area of solid plate per pitch= ,% x 3.775 


square inch per pitch. Net area of the | =2.123 square inches. 


plate between the holes along the straight | 


The breaking strength of the joint 


line=,%, X 2.905=1.634 square inch, and | came out as follows : 





By tests of 5; inch plate joints.| By Professor Kennedy’s data. 








Solid plate 2.123 x 25.85= 
Through holes 


Shearing rivets 


54.88 tons. 123 x 29=61.57 tons. 


2. 
1.634 x 23.21=37.93 “ 1. 634x33=—53.92 ‘ 
2.074» 19.40=—40.24 ‘* 2.0 Ps 

¢ rt 
37.93 __ 0.69 « 45.63 _ 0.74 « 


74 x 22=45 .63 


Least ratio of st tl ———— p thas 
— 54.38 61.57 





These results are all with punched and 
unannealed plates ; and as it is generally 
admitted that the strength of joints is in- 
creased by drilling the holes and anneal- 
ing the plates—and either or both opera- 
tions could be resorted to if necessary— 
the author considered the joint, as de- 
signed, satisfactory for the purpose for 
which it was intended. But, having re- 
gard to the uncertainty still attaching to 
the strength of steel-riveted joints for 
boilers, it seemed desirable to have some | 
tests made, and sample joints were pre- | 
pared accordingly. The result of these | 
tests was so different from what was ex- | 
pected, and so unsatisfactory otherwise, | 





that further experiments were made in| 


order to determine the proper proportion 
for these particular joints. All these 
tests, taken together, make a fairly com- 
plete series for the form of joint of ;- 
inch steel plates in question. 

In order to determine the rules which 
should regulate the proportions of all 
descriptions of riveted joints, a sufficient 
number of results of tests must be com- 
pared. Although a good many such re- 
sults have, from time to time, been made 


The first set of specimens consisted of 
nine joints (marked A, B, C, D, E, F, G, 
H and I), and six rivets (Annexed Re- 
ports, Nos. 1,2 and 3). Joints A, B and 
C had all the holes punched as already 
described and shown in Fig. 1.. Joints 


D, E and F had the holes in the covers 
punched, but those in the joint-plates 
were punched with a §-inch punch, and 
drilled out to 43-inch in diameter, as 
shown in Fig. 2. Joints G, H and I also 














| had the covers punched, whilst the holes 
‘in the joint-plates were punched with 
‘a §-inch punch, and drilled out to ?-inch 
|diameter, so that the larger side of the 
| holes was barely cleaned out by the drill, 


\as shown in Fig. 3. 


public, many of them are incomplete, | 


and more appear to be required before | 
safe conclusions can be deduced for'| 
practice. 

The author offers the present account | 
of tests as a contribution towards such a | 
collection. The plates tested were all of | 
Landore §S quality, ;%,-inch thick, and the | 
rivets were of Landore rivet steel. A| 
few tests of single-riveted lap-joints for 
the circular seams of the same boilers; It was intended to have all the joints 
were made together with the others, and shaped like B, E and H, Fig. 4; but Mr. 
will be included in this account. The) Kirkaldy objected to this form, because 
whole of the tests were carried out by|he considered the results would not be 
Mr. D. Kirkaldy, copies of whose reports | reliable, and wished to have them all 
are annexed (numbered 1 to 7). shaped like A, D and G, Fig. 5. It was 
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REPORT No. 2.—SuMMARY OF THE RESULTS OF EXPERIMENTS TO ASCERTAIN THE ELASTIC 


ALSO oF Srx STEEL RIVETS, RECEIVED 





Plates—all cut Lengthway 





Stress. 


Extension-set in 
5 Inches. 








| 
| Elastic per 


Square Inch. 





wer y out of 
iveted Joint. 


Thickness. 


Ultimate per 
Square Inch.| 


of Elastic to — 
__Ultimate. 
ontraction of Area 


fracture, 


at fracture. 


10 0 


At 60,000 





Stress per Square 
Inch of fractured 


Ibs. per 
Appearance of 


Square Inch. 
Ultimate. 


At 50,000 
Ibs. per 


Square Inch. 








| 


| In. | Lbs. Tons. 





58,455 


| 

| 

| : 

| 
(66,620 


} 
2,126 |.53 |33,300 


P 2, 125. 
A | 2,127 |.55 |36,200 


|* 
~ | 


Lbs. 


.6 133,386 
| 129,473 


ou 
© 











| 


Mean. ...|37.250 — 16.6 67,537 = 80.2 54.6 48.5 


131,429 | 5.00 








67,440 


2,136 56 '35,800 
'67,320 


P 2, 135. 
D 2,187 |.54 /35.800 


58.042.1 
53.1 49.6, 


133,648 


116,561 | 











69,920 


2,144 .55 37,800 
168,290 


2,145 |.53 |36,700 


| | | 
Mean. ... 35,800 — 16.0 67,380 = 30.1 53.0 45.8 
| } 

| 


125,104 


129,699 
128.802 





54.046 0) 
53.7 46.9 


ae 
ie 2) 








Mean.... 


37,250 = 16.6 69,105 — 30,853.8 46.4 


129.250 


=) 
a 








| 
\35,800 


(66,835 
'35,300 


2,129 | .54 
(66,660 


ag + | 2,180 |.55 


ka ime 
o 


eS 


53.547.8 
52.9 49.1) 


181,957 
130,189 











Mean... 


135,57 = 15.8 66,747 = 29.7/53.2'49.2) 


131,073 | 5.15 | 








(67,415 


l 
2,188 |.55 '35,400 
67,105 


P 2, 187. |.55 | 
E 2,189 |.54 [35,200 


125,901 | 4.64 | 


(52.5 46.4 
128,955 | 5.02 | 


(52.4 47.9 








Mean... - 35,300 =15.7/67,260 =80.0 52.4 47.1 


127,428 | 4 83 | 





‘69,990 


2,148 |.55 87,809 
67,235 


P 2, 146. 
H 2,147 |.54 (36,500 


54.041.8 120,279 | 3.48 | 
54.2 52.7, 142,378 | 5.10 | 








Mean. . . 37,150 = 16.5 68,612 =80.6 54.147.2 131,828 | 4.29 











Total Mean 36,337 = 16.2 67,778 —80.8,58.5 
| | 





47.3 129,268 | 4.73 
| | 





finally arranged to try both forms, and 
the joints were shaped accordingly, as 
shown in Figs. 4 and 5. 

Finding that the plate broke in all 
these joints, the remaining three, C, F 
and I, were used to ascertain the shear- 
ing strength of the rivets by drilling out 
four rivets, and leaving three only on 
each side, as shown in Fig. 6 (Report 
No. 3). 

The riveting in all these experimental 
joints was done by a hydraulic riveter, 
with an accumulator placed next to the 





machine, and the pressures given are 
those in the accumulator. In the nine 
joints now under consideration this 
pressure was 35 tons. 

The plates were not annealed in any of 
the joints tested. 

It will be most convenient to consider 
the results of the rivet shearing tests 
first (Reports Nos. 2 and 3). 

The rivets happened to be rather bare 
in diameter, so that, the same rivets be- 
ing used in all cases, those for the 43-inch 
holes had to be longer than would other- 





TESTS OF RIVETED JOINTS FOR BOILERWORK. 





AND ULTIMATE TENSILE STRENGTH AND QUALITY OF THE STEEL IN Srx RIVETED 


FRoM MEssRs. EASTON AND ANDERSON. 





Rivets. 





Stress. 








‘ Elastic per 
Square Inch. 


Nominal Size of 


Ultimate per. 
Square Inch. | 


f Elastic 
Pf Square 
fractured 
Area. 


Ratio o 
| Extension. 


to Ultimate. 
Appearance of 
fracture, 


Stress 
Inch o 








In. Sq. 
tend in Lbs. Tons. 





| 
66,120 





} 
} 
j 
| 
| 


|“ (37,400 65,880 


| 





65,060 


| «6 


36,800 


36,200 





84,500 


“e “se 


(60, 280 


Lbs. Tons. | 


—— 
| 











| | 


60.0, 165,300 | 


| | 

j | 

| | 

| 
| 

| 





|.085'.115'57.5, 155,011 | 


| 
| | 
| 


| 
' | | 


|.075|.125 62.5. 178,493 | 


Ppt 


57.4 .31 


57.0 .81 |.075|.125 62.5. 172,026 | 
| | | 
; | | 
|| | | | 
56.2|.8%| .075|.125,62.5, 171,520 
| | | 


|| | | | 
57.2) .30 om .129 - 169,802 | | 


—"MOTSUIXY 94} FSururez90sv 10J 410Y8 OO], 














Mean. . . '36,633—16.3 (64,362 =28.7 


(Ree Meseees 
| | | 61.6 167,859 | 
| } 


| | | 











wise have been the case. Thus the rivets 
for the 43-inch holes were upset much 
more than those for the ?-inch holes. 
The tensile breaking. strain (Report 
No. 2) was 28.7 tops per square inch, 
whilst the shearing strains were : 
InC, with holes punched 43-in., 
23.8 tons per sq. in. 
In F, with holes punched 3-in., 
and drilled out to }2-in. 24.2 
In I with holes punched -in., 
and drilled out to ?-in. 25.8 
Mean shearing strain... .=24.6 


“e ae “ee 


“ec 


(Signed) DAVID KIRKALDY. 
In these cases, therefore, the shearing 
ong x 100=85.7 per cent. of 


strain was 98.7 
the tensile strain. But it will be ob- 
served that the lowest tensile strength 
in report No. 2 is considerably below all 
the others; it may, therefore, be more 
fair to take the mean of the four middle 
‘tests only omitting the highest as well as 
‘the lowest. This gives the tensile 
| strength=29 tons per square inch; and 





the shearing strength becomes x 100 
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REPORT No. 3.—Resvutts or EXPERIMENTS TO 


ASOERTAIN THE ULTIMATE SHEARING STRENGTH 


oF THREE RIvETED JOINTS RECEIVED FROM Messrs. Easton AND ANDERSON. 


Steel Plates, nominal thickness, nine-sixteenths of an inch. 





| 
A 





Rivets were drilled out 


q\P as requested by Mr. Moberly 





These Rivets Sheared 














Rivets. 


Shearing Stress. 





mg Description. | 
ee Diameter Area and 


gn Number. 


Per Square 
Total. Thee iy 





Inch. Sq. In. 
| ( Punched ) 


holes, + Steel .81=515 x3 x2 


' 2131 


( Punched §, ) 
72140 - — ie 


“"~" | ¢ Punched §, ) 
drilled $ -| Steel .75=441x3x2 
@M ) 


Steel .81=515 x3 x2 





#21497 - 
arm 1% 


Lbs. Tons. | Lbs. Tons. 


164,880 = 73.6 53,359=23.8 


167,810=74.9 54,307=24.2 





152,790=68.2 57,774=25.77 























4~O—O—6- 
Holes s"diam. 
eae —° 
1O-—-O---O 


s! 
2 ” 
' 


| 
| 
| 
| 


-.... aencens 








=84.82 per cent. of the tensile strength. 
Thus the shearing-strength of the rivets 
may be considered to be 85 per cent. of 
their tensile strength. 

The breaking of joints A, B, D, E, G 
and H must be considered next. Here 
it may be explained that all the joints for 
these experiments were riveted up for 
the full width of the plates, as shown in 
dotted lines, and caulked on the edges as 
they would be in boiler work ; they were 
afterwards shaped to the required form. 





(Signed) DAVID KIRKALDY. 


Fig.5 














“2 Holes 1diam. 
t -O--40-- 0 ---O- 
SS +--3%---4 
-©+-------O- 
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Report No. 1 gives the results of the 
tests, and shows the lines of fracture in 
each case, and, with the assistance of 
Figs. 1 to 5 and the particulars of the 
holes already given, the length of the 
line of fracture, the original sectional 
area along that line, and the original 
sectional area of rivets sheared is ob- 
tained. 

1. Joints A and B, with 43-inch holes, 
punched in the ordinary way. 

A broke through the rivet holes with 





wm 8S S&S see OA me et ee 
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117.5 tons; length of fracture= 9.24 
inches; area of fracture = 9.24 x 
0.54=5 square inches ; strength of plate 
per square inch of fracture = Ths = 


23.5 
23.5 tons= 30.2 


=0.778 of solid plate; 


ratio of strength of joint to solid plate 
=64.19 per cent. 

B broke through the rivet-holes with 
128.8 tons; length of fracture=10.27 
inches ; area of fracture=10.27 x 0.545= 
5.6 square inches ; strength of plate per 


square inch of fracture =—5 =23 tons 


= 39.7 704 of solid plate; ratio of 
strength of joint given in report No. 1 is 
60.02 per cent. 


Fig.6 
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icine: | 











| S80 e---------- 13.22....-.--..- » 


The Rivets which are line-shaded 
were drilled out, the remaining 
siz were left for Shearing 


Holes 1% diam. 
019;0-0- 
Pe ites 
7 


" 


—— 











But this is not the correct ratio of the 
strength of the joint, when used in a 
boiler, because it may fairly be assumed 
that the fracture would have continued in 
a zigzag line in the continuous joint, in- 
stead of running along the straight line 
of rivets from the two outer rivets to the 
edge, as it did in this case. ‘The specimen 
being 13.22 inches wide, the length of 
fracture along the zigzag line would have 
been 10.77 inches, instead of 10.27 
inches, and its breaking strength would 


5 10.77 = 
have been 10.27 x 128.8 = 135 tons, 


making the strain per square inch of 


135 


gross area of joint = 73 = 18.75 tons. 


Vou. XXX.—No. 1—5 


Hence the ratio of strength of the joint 


becomes n> x 100 = 63.13 per cent., 


which corresponds fairly with the result 
of joint A. 

2. Joints D and E, with holes punched 
% inch, and drilled out to 4} inch in di- 
ameter. 

D broke with 117.7 tons, by shearing 
one rivet and breaking along a line of 
fracture=6.72 inches ; area of fracture= 
6.72 x 0.545 =3.66 square inches ; sheared 
area of one rivet=2 x 0.515=1.03 square 
inch; shearing strain of ditto=1.03 x 
24.6=25.34 tons; leaving 117.7—25.34 
= 92.36 tons to break 3.66 square inches 
of plate; hence, strength of plate per 


25.23 


square inch of fracture =sa 


Fig.7 
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25.23 


tons = 30.1 =0.838 of solid plate; ratio 


of strength of joint to solid plate = 
63.83 per cent., as per report No. 1. 

But it must be observed that all the 
four half-rivets were more or less dis- 
placed sideways, though they were not 
entirely forced out of the joint. The 
holes were, of course, elongated. The 
half-hole on the right side measured $ 
inch, and the hole in which the rivet had 
been sheared measured }{-inch full 
lengthways, after testing, as shown in 
Fig. 8. 

E broke with 144.3 tons, by shearing 





one rivet and breaking along a line of 
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fracture—9.2 inches ; area of fracture= 
9.2 0.545=5 square inches; shearing 
strain of one rivet=25.34 tons ; leaving 
144.3—25.34=118.96 tons to break 5 
square inches of plate; hence, strength 
of plate per square incli of fracture = 
US2° =23.79 tons =2.2 = 0.798 of 
solid plate; ratio of strength of joint of 
solid plate=66.7 per cent. This joint is 
remarkable, because the second half was 
nearly broken through at the same time 
that the first half gave way altogether. 


Fig.8 
Shaded rivets were sheared 





O 





‘ 
€ 


Os 








3. Joints G and H, with holes punched 
£ inch, and drilled out to ? inch in diam- 
eter. 

G broke with 114.3 tons, by shearing 
two rivets and breaking along a line of 
fracture=4.82 inches; area of fracture 
=4.82 x 0.54=2.6 square inches ; sheared 
area of two rivets = 4 x 0.441 = 1.764 
square inch; shearing strain of ditte= 
1.764 x 24.6=43.4 tons; leaving 114.3— 
43.4 = 70.9 tons to break 2.8 square 
inches of plate; hence, strength of plate 


per square inch of fracture — 10.9 _ 9797 


27.27 


2.6 
tons = 308 =0.885 of solid plate ; ratio 


of strength of joint to solid plate=61.02 
per cent., as per report No. 1. 

But the four half-rivets were again 
displaced sideway, and the holes elon- 
gated, as in joint D. The measurement 
of the elongated holes, after testing, was: 
half-hole on left $3 inch (half-rivet nearly 
sheared); half-hole on right $ inch; hole 
in which the rivet was sheared on left { 
inch bare, and on right 1 inch full, as 
shown in Fig. 9. 

H broke with 142.8 tons, by shearing 
two rivets and breaking along a line of 
fracture=7.47 inches; area of fracture 
= 7.47 x 0.545=4.07 square inches ; shear- 
ing strain of t-vo rivets=43.4 tons ; leav- 





ing 142.8—43.4=99.4 tons to break 4.07 
inches of plate; hence, strength of plate 
C 


per square inch of fracture=—— = 24.42 


4.07 
tons = 7 =0.798 of solid plate; ratio 


of strength of joint to solid plate=64.71 
per cent. 

Before drawing any conclusions it ap- 
peared desirable to try the effect of drill- 
ing the holes in the joint-plates out of the 
solid, the covers being punched as before. 

Two joints, K and L, were therefore 
prepared in this way, the arrangement of 
rivets being the same as before. A: 
further difference was also introduced in 
the form of the specimens, which were 
shaped as in Fig. 7 (Report No. 4). The 
holes ‘were drilled 4 inch in diameter. 
The pressure used in riveting was 35 
tons, as before. 

K broke with 128.6 tons, by shearing 
one rivet and breaking along a line of frac- 
ture=7.3 inches ; area of fracture=7.3 x 
0.56=4.09 square inches ; shearing strain 
of one rivet=25.34 tons, as in D; leaving 
128.6 —25.34=103.26 tons to break 4.09 
square inches of plate; hence, strength 
of plate per square inch of fracture 


103.26 25.25 
——— = 25.25 tons =—5 = 0.833 


4.09 
of solid plate ; ratio of strength of joint 
to solid plate=66.9 per cent. 

L broke with 130.7 tons, by shearing 
two rivets and breaking along a line of 
fracture =5.55 inches ; area of fracture= 
5.55 x 0.56=3.1 square inches ; shearing 
strain of two rivets=50.68 tons; leaving 
130.7 — 50.68 = 80.02 tons to break 3.1 
square inches of plate; hence, strength 
of plate per square inch of fracture 

80.02 25.81 
31 = 25.81 tons = 30 
solid plate ; ratio of strength of joint to 
solid plate=68.6 per cent. 

The results may now be considered 
with reference to— 

I. The effect of the form of the 

specimen. 

II. The effect of the mode of making 

the holes. 

III. The general arrangement or pro- 

portions of the joint. 

1. The effect of the form of the speci- 
men may be judged by a comparison of 
A, D and G, Fig. 5, with B, E, H, Fig. 
4, as shown in the following table: 
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Mark of joint A 


! 
Breaking-strain of section per —_— | 93.5 
inch in tons } . 


Ratio of same to that of solid plate.... | 0.778 


Ratio of strength of joint to that of) 


solid plate, per cent | 66.19 


o 


e| B|E 


| 25.28 | 27.27 | 28.00 | 23.79 
| 0.798 
61.02 | 63.13 - 


| 
' 
0.838 | 


0.885 | 0.774 
| 63.83 


70 
| | 





Comparing joints “ and B, which not 
only were riveted, but also broke in the 
same way, namely, through the rivet- 
holes only, it will be seen that the 
strength per square inch of the plate, 
along the line of fracture, as well as the 
ratio of this strength to that of the solid 
plate, were practically identical in both 
cases. The ratio of the strength of the 
joint is slightly greater in A than in B, 
but the difference is not greater than 
may fairly be expected between similar 
test pieces. But as a correction has to be 
applied to the direct result obtained from 
B, it is fair to infer that the form of A 
gives a more reliable result than the form 
of B. 

D and E, which were riveted in the 
same way, give more discordant results. 
As regards the strength of the section 
and the ratio of this to that of the solid 
plate, E compares very well with B and 
A. The ratio of strength of the joint is, 
however, different. In D the strength 
of the solid plate (30.1 tons per square 
inch) was practically the same as in E (30, 
tons per square inch), but the strength 
of the plate along the line of fracture | 
appears to be 0.838 of that of the solid | 
plate in D, compared with the ratios 
0.778, 0.774, and 0.793 in A, B and E. 
The line of fracture in D passes behind | 
the half-rivet on the left side, and to the 
inside of the one on the right side of the | 
joint (Fig. 8). It is clear that the right- 

and half-rivet must have been forced 
out of place, so as to allow the parts of | 
the broken plate to separate, by part of | 
the strain applied to break the joint ; but | 
as the half-rivet was not sheared, it is im- | 
possible to say how much strain it bore, | 
though this must, of course, have been 
less than the strain that would have 
sheared it. 

Whatever the amount of this strain, it 
is all credited to the section of the line 
of fracture, and hence the apparent in- 
creased strength of the plate in the joint 








and its ratio to the solid plate, given in 
the table. But, by whatever amount 
the strain sustained by the right-hand 
half-rivet fell short of its full shearing 
strain, by that same amount was the 


_total proper breaking strain of the speci- 


men joint reduced; hence the ratio of 
the strength of the joint also appears to 
be less than it really is. It seems, there- 
fore, that the form of E gives as reliable 
results, in regard to the strength of the 
fractured plate and its ratio to the solid 
plate, as A and B did; but that the form 
D does not give reliable results. 

Lastly, take G and H, which were 
again riveted in a similar manner. The 
plate in H was slightly stronger than the 
previous ones, but the ratio of its strength 
to that of the solid plate was nearly the 
same asin E. Inshort, H compares very 
well with A, B and E. In G the line of 
fracture passed inside both the half-rivets 
(Fig. 9), and the remarks made in refer- 


Fig.9 


= Shaded rivets were sheared 





2 
3 
mz 





O 
O 


O 


O O 











ence to the right-hand half-rivet in D ap- 
ply to both half-rivets in this joint; the 
more so as the left-hand one was nearly 
sheared. The effect would therefore be 
greater than in D. Accordingly, the 
strength of the plate in the joint end its 
ratio to the strength of the solid plate is 
still more increased than in D, whilst the 
ratio of strength of the joint is further 
diminished. 

The conclusions drawn are : 

1. When none of the rivets are sheared, 
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and fracture takes place through all the| II. The effect of the mode of forming 
rivet holes, the specimens, shaped through the holes. 

the centers of the rivets, give the most! The holes were formed in four differ- 
accurate result. ent ways, as already stated. 


2. When rivets are sheared atthesame . 1, By punching with a punch }} inch 


time that fracture takes place, the speci- in diameter, as in A and B. . 
mens, shaped along a line between the 2. By punching wih a g-inch punch 
rivets give, the most accurate results, 224 drilling out to }# inch in diameter, 


gee as in Dand E. 
3. The correct way of estimating the 3, By punching with a @-inch punch 
strength of the joint is, to compute it and drilling out to } inch in diameter, as 
from the strength of the plate along the jn G and H. 
line of fracture, as obtained from the 4, By drilling 13 inch in diameter out 
tests. |of the solid, as in K and L. 

4. The best way of getting a directre-. As the results obtained from D and G 
sult would be to have two sets of joints are not reliable, for reasons already 
prepared, one set being one pitch wider stated, they are not used in the present 
than the other set. The difference be- | comparison. 
tween the mean breaking-strain of these) The mean results from A and B, and 
two sets of joints would at once give the K and L, and also those from E and H 
breaking-strain for one pitch, which is separately, are shown in the following 


what is wanted. 


table: 








Marks of joints 


Breaking-strain of section in tons per square inch... 


Ratio of same to that of solid plate 


K and L 
25.53 
0.846 


H 
24.42 | 
0.798 


| A and B | E 
23.25 | 28.79 


| 0.793 


ys, 
~éé 





It is unfortunate that only one speci- 
men of each of the classes 2 and 3, with 
punched holes, drilled out, can be used; 
the more so as it seems rather snomalous 
that H, with the holes drilled only to ?- 
inch in diameter, so as barely to remove 
the punched surface, gives a slightly bet- 
ter result than E, in which the holes were 
drilled out to 4} inch in diameter, and 
the punched surface was well cleared out. 
No comparison can be instituted between 
E and H, but they are so nearly alike that 
they may be classed together, and the 
mean ratio of 0.795 may be taken for the 


strength of the plate in the joint, as com- | 
pared with the solid plate in both cases. | 


Thus the ratio of the strength per 
square inch of the plate along the line of 
fracture, compared with the strength of 
the solid plate, is: 

1. For punched holes 0.776 
2&3. ‘* holes punched small and 
drilled out 0.795 


4. ‘* holes drilled out of the solid. 0.846 


It appears that little is gained over the 


| ordinary punching, by punching the holes 

small and drilling them out larger; but 
by drilling the holes out of the solid 
the strength of the plate is increased 9 
per cent., as compared with the punched 
holes. 


III. The general arrangement or pro- 
| portions of the joint. 


For the purposes of this comparison, 
it is assumed that the fracture takes 
place along the zigzag line. The strength 
of the joints is then computed, from the 
data of the experiments, as follows: 


Multiply the net length of the line of 
fracture, per pitch, by the breaking- 
strength per square inch of the metal in 
‘the joint, and by 100, and divide the 
| product by the length of the pitch multi- 
/plied into the breaking-strength per 
square inch of the solid plate; the quo- 
' tient is the strength of the joint in a 
| percentage of the strength of the solid 


| plate. 


Omitting D and G as unreliable,z the 
| following results are thus obtained : 





estiebadierib rn rd--<4 on: on eh Sate eee 
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Strength of joint. 


, Per cent. 
Mean ~4 A and B—holes punched }3- 


nch 
E, nate punched -inch, and drilled 
out to}$-inch 
H, holes punched \ aoanen and drilled 
out to ?-inch 
Mean of K and L—holes drilled 4 


These results are not quite the same as 
those previously obtained, because they 
are computed for a supposed uniform line 
of fracture, as stated. It will be seen 
that the drilled holes in K and L give an 
excess of strength of more than 13 per 
cent. over the punched holes in A and B, 
but do not give much excess of strength 
over the punched and drilled holes in E 
and H. The strength of the weakest of 
these joints was sufficient for the pur- 
pose in this particular case; but even the 
strongest of them was not satisfactory, 
as it should certainly be 75 per cent. of 
the solid plate. It is clear that the rivets 
were stronger than the plate, although 
calculation shows that when the diameter 
was reduced to ? inch, as in G and H, the 
shearing strength of the rivets was 
nearly the same as the tensile strength of 
the plate in the joint. 

By increasing the pitch of the full- 
sized rivets, the joint would be strength- 
ened, but 3? inches pitch is quite wide 
enough for ;%,-inch plates to ensure tight- 
ness. If D and E be excepted, as the 
fracture in these two joints went past 
the rivet holes instead of through them, 
all the joints broke along the zigzag line, 
or from the rivet-holes to the edge of the 
plate. This was probably due to the 
rows of rivets being too close together, 
as well as too near the edge, and also to 
the pressure used in riveting having been 
too great. 

To settle this point it was determined 
to have four more joints tested, two with 
}} inch drilled holes (U and P), to be 75 
per cent. of the strength of the solid 
plate, and two (Q and R) of the same 
proportions, but with holes punched 3 
inch and drilled out to }3 inch in diam- 
eter. All the joints were made from 
similar plates and rivets to those pre- 
viously tried, but the accumulator-press- 
ure was reduced to 25 tons. The pitch 
was 3.775 inches as before, and the 
breaking-strength of the solid plate 30 





tons per square inch. Then for 75 per 
cent. strength of joint the breaking-strain 
per pitch should be 3.775 X0.75 x 3% x 30 
=47.78 tons. For a shearing strength 
of rivets=24.5 tons per square inch, the 

47.78 
4x 24.5 
inch, so that 13-inch diameter, giving a 
shearing area of 0.5185 square inch, will 
do for the rivets. 

As not one fracture occurred from hole 
to hole along the straight line, the 
strength of the plate is assumed to be 
sufficient in that direction. Taking the 
strength along the zigzag line to be 0.85 
of that of the solid plate, the net length 
between the holes should be _— x 
=3.33 inches, and this would be obtained 
by a distance between the rows of the 
centers of the rivets of 1.606 inch. This 
distance was made 1 inch. so that the 
net length of zigzag line of fracture was 
3.354 inches per pitch. The distance 
from the center of the holes to the edge 
of the plate was increased from 14 inch 
to 1} inch. 

This joint is shown in Fig. 10, and the 
result of the tests given in report No. 6, 
whilst the tensile tests of the rivets are 
stated in report No. 7. 


area of each rivet= =0.49 square 


Fig.t0 
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The calculated strength of joint with 
354 x 0. 
42-inch drilled holes is hina a 
=75.52 per cent. of the solid plate. 
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REPORT No. 5.—ScumMary or THE Resvutts oF EXPERIMENTS TO ASCERTAIN THE ELASTIC AND 
UtrmatE TENSILE STRENGTH AND QUALITY OF THE STEEL IN Four RIVETED JOINTS RECEIVED . 
FroM Messrs. Easton AND ANDERSON. 


Plates—all cut Lengthway. 





Extension-set in 
10 inches. 


Contraction of 


Stress. 





t 50,000 
lbs. per 
Sq. Inch. 


At 60,000 


tured Area. 
ppearance of 


Fracture. 


Elastic per | Ultimate per 
Square Inch. Square Inch. 


cimens out of 
lveted Joints. 
rea at Fracture. 
Inch of Frac- 


= 
a 
RD 


to Ultimate. 
lbs. per 
Sq. Inch. 


e' 


ke 


7 
124°3 | 
345.1) 128,857 | 


| 
| 
| 


Ratio of Elastic 
Stress Per Square 


Thickness. 
| A 











7.61 
8.40 
8.00 


7.39 
9.08 


.70 | 8.23 


. |Inch.| Lbs. Tons.’ Lbs. Tons. 
2,946 0.57 |35,700 68,405 
2,947 0.55 |35,500 67,475 


| 
Mean...... .|35,600=15.9 67,940=—30.3 ¢ 


2,949 | 0.57 |35,600 68,140 52.241 0) 115,595 
2,950 | 0.55 paere 66,420 53.6 48.1) 128,179 


| 
Be | f 


8 
eZ 


Mra 
| coco] co] ceo 


M7) 
om 
[rs 
coe 


a) 

r<) 

*e 
wv 


oror 
wd 








¢ 


S| SOx | Ultimate. 


SS] ors 
mony a] Doe 


3 


o 
ch) 
~~ 








or 
Ls) 


ao 09 
i 


B 








a 


®t 
eC oa 


Mean. .. ....|35,600=15.9 67,280=30.0 52.9 44.5) 121,887 | 
| | 











in| co 


2,953 0.55 |31,800 65,445 48 5.49.1 128,783 | 4.48 | 9.80 
6 


t} 2,952 | 0.56 (31,800 64,560 49.247.4 122,762 | 4.46 11.10 
| | 


Mean........31,800=14.2 65,002=29.0 48.8 48.2 125,772 | 4.47 10.45 








re) 
~ 
or 








~) 


2,956 | 0.55 |32,600 65,110 50.034.3 99,198 | 4.03 | 9.20 
2,955 | 0.56 32,400 64,690 50.046.6, 121,361 | 4.55 11.10 


82,500=14.5 64,900=29.0 50.040.4 110,279 | 4.29 10.15 | 27.9 


2 wD 
oo 
we) 























| Total Mean. 33,875=15.1 66,280=29.6 51.0144.5. 120,448 | 4.02 | 9.21 | 27.6 





(Signed) DAVID KIRKALDY. 


The tensile strength of the rivets in| puting it in the manner already explained, 
. T—varyi ' | 3.354 
rs png set — ee eae ‘the strength becomes 3.776 x 84.5 = 75 
ularity, and is so much in excess of the ‘per cent. If this joint had broken along 
former tests (the rivets being taken from the zigzag line throughout, like the next 
eae n,n unborn one ie Hae o fiber Sr che pik 
b A ‘in whic e rivet was sheared wo 

before, at 34.6 tons per equare inch. |teuneer'gnaexcostex to c4o'e tock to 
: : . : X Z0=46.0 tons to 
O broke with 133.6 tons, by shearing reak its whereas that pitch is here 
one rivet and breaking aloug a line of) eyedited with a breaking-strain for the 
cea? nce ee ok sta [la ot LOST x.5SOX R= 20.4. tne 

. . = &. . of 25.34 tons, or a 

strain that sheared one rivet was 24.6 x 2 fee an 42.74 tone. 

rp . — to — = ee sage the rivet offered less resistance to shear- 
a eo nie o6 ing than has been assumed, and, conse- 
square inch area of fracture =—-- quently, that the strength of the plate 
95 along _ line of —o as also the 
- - = : ‘compu strength of the joint, was 
Secchi t Arteta tltienee hah eaten et te 

e strength of this joint is given at | unce yo s conclnsion, an 
72 per cent. in report No.6; but com-' fact that the strength of the fellow-joint 
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P is so much greater than that of K and 


it seems preferable to adhere to the com- 
puted strength, and to use it together 
with the results of joint P, for comparison 
with other joints. 


P broke with 128.3 , by shearing}, . : 
roke with 1 tons, by s samp | PO i il ital 


through the rivet-holes along a line of 
fracture=9.46 inches; area of fracture 
=9.46 X0.54=5.1 square inches; strength 
of plate per square inch of fracture = 
re _ 25.15 _ , 

Fl =25.15 tons = 382 =0.89 of solid 


plate. 


124 
L (which also had 43 inch drilled holes), | 596 


24.5 . 

= 24.5 tons = 59.3 — 0-866 of solid 
late. 

The ratio of strength of joint in re- 

port No. 6 is 72.2 per cent. But, com- 


puted from the strength of the plate in 


.B54 
3.775 x 86.6 = 


| 76.9 per cent. 


| 


R broke with 139.8 tons through the 


‘rivet-holes, like Q and P; length of frac- 
| ture=9.46 inches; area of fracture=9.46 


x 0.555=5.25 square inches; strength of 
plate per square inch of fracture = 
26.63 


The ratio of strength of joint given in | 139.8 _ 56 63 ii aad —0.856 of solid 


report No. 6 is 74.3 per cent. But, com-| 5,25 


31.1 


puted from the strength of the plate in ‘plate. 


is : , 3.354 | 
the joint as explained, it becomess 7775 | port No. 6 is 71.6 per cent. 


The ratio of strength of joint in re- 
But, com- 


x 89=79 per cent., or more than was ex- | puted from the strength of the plate in 


pected. 
Q broke with 124 tons through the 


the joint, the ratio becomes 
| 


3.354 - 
3.775 x 85.6 


rivet-holes, like P; length of fracture= | =76 per cent. 


9.46 inches; area of fracture = 9.46 x | 


0.535=5.06 square inches; strength of 
plate per square inch of fractpre = 


The following table gives the results 
for comparison of the means of K and L 
with O and P; and E with Q and R: 





Marks of joints 


Ratio of strength of metal in joint to solid plate.... 


Computed ratio of strength of joint per cent 


Thus the widening of the distance be- | 


tween the rows of rivets and between 
the rivets and the edge of the joints re- 
sulted in 757 per cent. increase of 
strength of the joint in the case of the 
drilled holes (K, L, and O, P), and 13.9 
per cent. in the case of the punched 
holes (E and Q, R) drilled out; whilst 
the drilled holes in O and P show an ad- 
vantage of only 0°85 per cent. over the 
punched and drilled holes in Q and R. 
In every case the metal in the joint is 
weaker than in the solid plate; and this 
reduction of strength is least with the 
holes drilled out of the solid, and great- | 
est with the punched holes. This result | 
has. very generally been obtained by 
most experimenters. Possibly the di- | 
minished pressure in the accumulator for | 
riveting the four last joints, O, P, Q, and | 
R, may have contributed to reduce the | 


weaking of the metal in the joint; but! 


| Kand L | Oand P 
0.846 | 0.867 
| 77.0 


71.67 


| 
E |QandR 
| 0.798 | 0.861 
| 
|, 67.1 | 76.45 





as the experiments’ do not supply any 
data for considering this point it cannot 
be noticed here, except to suggest that, 
if the pressure is too great for the diam- 
eter of rivet, thickness of plate, and num- 
ber of plates riveted, the metal round the 
holes may be injured and the strength of 


the joint weakened. This is a point that 


appears worthy of special investigation. 
Whatever the true explanation may be 


‘of the diminution of strength of the 


metal in the joint, it is clear that the 


presence of the holes in the plate must 


somehow produce this result. 

Supposing that the metal round the 
hole is not competent to bear the full 
strain due to its section, it may be as- 
sumed, without appreciable practical 
error, that a zone of metal round the 
whole does no work at all, and the rest 
of the section of the plate bears the full 
breaking-strain of the solid plate. 
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REPORT No. 7.—ScumMMARY OF THE RESULTS OF THE EXPERIMENTS TO ASCBRTAIN THE 
JOINTs AND E1gHut RIVETS RECEIVED 


Plates—all cut Lengthway. 





Extension-set in 
10 Inches. 


Stress. 





er Square 
fractured 


Area. 
rance of - 


Elastic per Ultimate per, 
‘Square Inch. ‘Square Inch. | 


Ratio of Elastic to 
Ultimate. 
Contract of Area 
‘acture, 


cimens out of 
a 


iveted Joint. 
at Fracture. 


Thickness, 
At 50,000 | 
Ibs. per 
Square Inch. 
At 60,000 


Ibs. per 


Stress 
Inch o 
Square Inch. 


§ 
Ultimate. 
Fr 


Ap 


| 








Lbs. 


~ 


* 


} 
P. In. Lbs. Tons. Lbs Tons. | 


4,086 |.56 36,500 66,655 54.751.4 13 7231 | 3.49 | 7.79 
4,087 |.55 ‘35,600 ‘65,740 141,514 | 4.11 | 9.39 


| 


——| — 
Mean. . - -/86,050=16.1 66,197 =29.6 54.452.4 139,372 8.80 | 8.58 
| 


4,089 |.54 ‘38,700 63,310 153.2 52.0 131,998 | 5 35, 12.8 
4,040 .54 |33,700 63,205 '53.353.0) 134,637 | 5.54 | 12 5 


| | | 
Mean. . . ./33,700—15.0 68,257—28.2 53.252.5 183,317 | 5.44 | 12°8 


























4,042 |.52 |33,800 63,710 '58.052.5 134,897 | 4.66 11.1 | : 
4,043 |.53 |33,800 63,415 58.352.0 132,822) 4.81 11.3, 
| | | 


a er 63,562—28.353.152.2 133,859 | 4.73 11.2 
' | | 

4,046 |.55 ‘39,200 69,720 56.252.9 148,054 | 2.08 | 5.61 

4,045 |-56 39,500 69,455 56 852.1 147,369| 1.59 5.19 | 25 











'39,350—17.6 69,587=81.1/56.5,52.5 147,711 | 1.83 | 5.40 


== as 


Total ses ecentieted mendes 54.352.4 138,489 | 3.95 | 9.49 | 





(ee 





| 
| 


Mean.... 

















Let d =diameter of the hole. | 
ge _ |For Eand d,=2.41—1.5975 x 0.793 
= inoperative | =1.143 and d,—d=0.3305 


zone of metal. | 
| 66 “ “—9. se 1 
p=distance from center to center | Q —. wad d <d0.2885 


of the holes diagonally. | 


| 
| 


 « A « B“=2.41—1.5400 x 0.776 
=1.215 and d,—d=0.3450 


| 
| 
(« “© —9.41—1.6600 x 0.798 


| =1.085 and d,—d=0.3350 


f=ratio of the strength of metal 
in the joint to the solid plate. 


Then (p—d) x f=p—d,, and d,=p— 
(p—d) xf 


| If this view is correct, the net effective 

inch. |section thus obtained should, for the 

ForK andLd, =2.41—1.5975 x 0.846 |joints tested, be greater along the 

*=1.060 and d —d=0.2475 | straight line than along the zigzag line, 

; /as none of them broke along the straight 

“« O “« P “ =249—1.6770 x 0.867 line. The net effective length of plate 
= 1.036 and d, —d=0.2235 | per pitch is thus: 
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EuastTic AND ULTIMATE TENSILE STRENGTH AND QUALITY OF THE STEEL IN Four RIVETED 
FROM Messrs. EASTON AND ANDERSON. 





Steel Rivets. 


| 
| 





Stress. Fractured. 


ctured 
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Elastic per |Ultimate per’, 
Square Inch. Square Inch. | 


| 
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cture, 


Area. 
earance of 


| 
io of Elastic 


__to Ultimate. 


ra 


Rat 

tress for Square 
Inch of fra 

App 


Nominal Size of 


8 








Lbs. Tons. Lbs. Tons. | 


{in 47,300 85,130 5D. |.36 '.102'.098 49.0 166,921 
3 -504 -200/47, 100 84,810 5) | .096).104 52.0, 176,687 
| | | 


ay ° 


| 
| | 
504 .200'44,400 73,620 60.3. |.080 . 120 60.0 184,050 
504, 200 42,200 70,460 
| | 
| 
| 


'1071/.129'64.5 198,478 
..+.|46,550=20.1 |78,505=85.1 57.8 


egg at Bocce 
| (56.4 181.534 
|. 714 .400\34,700 165,740 '52.7/.45 |.159 .241/60.2 165,383 | 
dia. 714.400 34600 64,110 53.9).45 |.159 .241/60.2 161,283 | 


“ 








| 
| 
} | | 
| } } 
| | 


aan 


| | 
-714) 400\34,200 (62,380 43.8).44 |.153 .248 62.0, 164,026 
.714 .400 34,100 '61,280 55. .158 .248 62.0, 161,263 | 


eee '63,365=28 .2 54.2 | (64.1 
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| 
| | i | | 
(Signed) DAVID KIRKALDY. 





| 162,980 
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———— = 8O1su9IXT OM) Fuyurw19088 Joy yz048 0, ———_—— | Extension. | 





inches. | zone of metal round the hole, as in two 
: ine 2.715 | cases, namely O and P and Q and R, the 
Por K. end 1,, clang thosteaight Hue 3725) zigzag length is greater than the straight 


cong ageng aed But these joints were made with 


“ © “ P, along the straight line 2.739 an increased distance between the rows 
along zigzag 2.900 | of rivets; and it seems fair to infer that 
‘the metal along the zigzag line is weaker 
“ E along the straight line 2.632 | than that along the straight line. More 
along zigzag 2.534 | experiments should be made to clear up 

these t ints. 

“ Q “ R, along the straight line 2.729 initia 

along zigzag 2.888 | Meanwhile, as regards the proportions 
ws P . . ‘of the joints experimented on, with a 
A “ B, along the — line 2.560) nitch of 3-775 inches, the distance be- 
along zigzag 2.390 | tween the rows of rivets might probably 
be increased to 1? inch, with a slight ad- 


H along the straight line 2.690 | “er 
. oe tena = | dition of strength to the joint. 


At first sight these results do not bear| The ratios of strength i 
out the supposition of an inoperative! in the following table: wiaiecceccamens 
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: | 
Ratio of Ratio of 


Strength 

Description of Joints. of Plate Strength 
india of doit 

to id! 

Plate. | Plate. 





'Per cent 
A and B with holes punched }3-in. indiameter.| 0.776 | 63.28 
E with holes punched §-inch and drilled out 0.793 77.12 
mn. —_ in oo ens : : 
with holes punched §-inch and drilled out ry 
| to 3-inch in diameter 0.798 | 70.18 
LK and L with holes drilled }j-in. indiameter..| 0.846 | 71.67 


inch between rows of 
rivets, and 14 inch from > 
center of rivet to edge. j 


inch between rows of) (Oand P with holes drilled 43-inch in diameter..| 0.867 | 77.00 
rivets, andi} inchfrom> <Q and R with holes punched -inch, and 0.861 | 76.45 
center of rivet to edge.) (drilled out to }3-inch in diameter aS ‘ 











The obvious conclusion is that the|center line of the joint, diminishing to 
punched holes make the weakest joint, | either side as the holes recede from the 
and the drilled ones the strongest,|center line. The elongation of the front 
whilst those with holes punched small|center hole varied from ;4 inch bare to 
and drilled out come between the two. | j, inch full, whilst that of the holes in 
Another conclusion is that widening the|the back rows was only the difference 
distance between the rows of rivets ma-| between an easy and a tight fit of the 
terially increased the strength of the callipers. Joints K, L, O, P, Q, and R, 
joint. But there is yet a third conclu-| were each held by twelve 1-inch pins, 
sion of some importance, which appears | two more being put in the back row than 
to be justified by these results, namely, | before, with the effect of diminishing the 
that increasing the distance between the elongation of the holes, so that it was 
rows of rivets reduces the difference in hardly perceptible in the back row. But 
strength between the joints with drilled again the elongation appeared to be 
holes and those with holes punched | greatest at the center of each row of 
small and drilled out. |holes. Joints C, F, and I, in which the 

Would a further increase of distance | rivets were sheared, were attached by 
between the rows of holes practically |four 14 inch pins. The elongation of 
abolish this difference in strength ? And the holes was slight, rather more in the 
furthermore, would it increase the two middle holes than in the side ones. 
strength of the joint with punched holes | Thus in the joints B, E, H, A, D, G, with 
so much as to make it little inferior to | ten 1-inch holding pins disposed in three 
that with drilled holes? These are|row, where the greatest elongation oc- 
questions which require further experi- | curred, the bearing pressure under break- 
ments for their answer, and they appear ing strain varied from 20 to 26 tons per 
to be well worthy of consideration. Onej|square inch. In the joints K, L, O, P, 
point has still to be noticed in reference |Q, R, with twelve l-inch holding pins, 
to these experiments, namely, the mode | disposed in three rows, when the elonga- 
of attachment of the specimens to the | tion was less, the bearing pressure was 
machine. Figs. 4, 5, 6, 7, and 10, show|18 to 21 tons per square inch. And in 
how this was effected in each case. In | the joints C, F, I, with four 1} inch hold- 
joints B, E, H, A, D, G, ten 1-inch holes|ing pins, all in one row, the bearing 
were used, namely, three in the first row, | pressure was 20 tons per square inch, 
four in the second, and three in the third | with hardly any elongation of the holes. 
or back row. In all cases these holes| The last four tests of the series were 
were elongated by the test strain, the | with single-riveted lap joints, of the pro- 
elongation being greatest in the first| portions of the circular seams in the 
row, and rather less in each of the suc-j boilers. The strength of the joint was 
ceeding rows. It was also almost always | evidently sufficient for the purpose, and 
greatest in the holes on or nearest the | it was not intended to test either this or 
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the strength of the plate in the joint. |the same in all other respects, were left 
The object of the tests was twofold— flat, and marked S and ‘Il, Fig 12. The 
first, to ascertain the shearing-strength particulars of the tests of these joints 
of 1 inch rivets, and secondly to ascer- | are given in Reports Nos. 4 and 6, and 
tain the effect on the same of the plates | ‘those of the plates and rivets in Reports 
being curved transversely to the direc- | Nos. 5 and 7. 
tion of the strain, which is the condition | The diameter of the rivets was 1 inch 
of these joints in boilers. ‘nominal, the pitch 2.84 inches, and the 
Two joints were made with the plates |lap 3 inches nominal. The holes were 
curved as in the boiler shell to a diam- | punched and the joints riveted with an 
eter of 10 feet 3 inches, and marked M accumulator pressure of 35 tons. 
and N, Fig 11; and two others, exactly The results were as follows: 








Total breaking strains in tons | 101.4} 102.4 98.7 
| | 


Shearing strain of rivets, tons per square inch | 28.9 | 24.1 23.25 | 
| 
Mean tensile strength of rivets, tons per square inch..... | 28.8); 28.3 28.3 28.3 


Ratio of shearing to tensile strains 0.8438 | 0.852 | 0.822 | 0.824 





In each case the plate was bent in the | been very much less. The mean shear- 
usual way, in the width of the lap, from | ing strength of the rivets was: in the 
the straight line, as shown in Figs. 11 | curved joints=24 tons per square inch= 
and 12, namely, in M # inch bare, i in N | 0848 of tensile strength; in the flat 
is inch bare, in S % inch, and in T ;4, |joints=23'28 tons per square inch= 


Fig. fi Fig. 12 


Curve to 40. 3 diam. 





' 
r% barein M. 


744 barein N. 








Holes wien Sor 1" rivets 





Holes punched for s"rivets 


——- 
Holes ‘diam. oe KP 
—— -O1--O----O 
--O-3 10-—-6—-© | i, 


@---j0--0---6 
OOo 3 


| 0°823 of tensile strength. The mean re- 
inch,‘ or slightly more in the flat joints sult was the #-inch rivets in double 
than in the curved ones. If the curved shear was 24: 6 tons per square inch= 
specimens had been wider no doubt this | 0-857 of tensile strength. 
bending back would have been less, | The conclusions drawn are as follows: 
whilst in a complete circle it would have| 1. The curved lap-joint is stronger 
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four last joints to the machine has now 
to be noticed, as shown in Figs. 11 and 


than the flat one, even in the compara- 

tively narrow specimens tested. In a 

complete cylinder the excess of strength | 12. _ 

over a flat joint would probably be| Joints Mand N were attached by ten 

greater. 1-inch pins, and placed between curved 
blocks to retain the plates in shape. 


2. The 1-inch rivets are slightly weaker 
to resist shearing than the -inch rivets ;| The elongation of the holes was hardly 


but probably this difference in strength | perceptible. ; 
would disappear in a complete circular! Joints S and T were attached by nine 
joint, as the curved specimens give a/l-inch pins, but with two pins only in 
greater strength than the flat ones. the front row, and the elongation 
3. Taking the tensile strength of rivets | (though still very slight) was greater 
at 28 to 29 tons per square inch, it seems|than in joints M and N, whilst the 
fair, for practical purposes, to assume | elongation of the holes in the front row 
the shearing strength to be 85 per cent. was perceptibly greater than in the back 
of the tensile strength for double- row. 
riveted, double-cover, butt-joints, and| The bearing pressure of the pins on 
also for the complete circular lap-joints, | the plate at the breaking strain was 18} 
and 82 per cent of the tensile strength | tons per square inch of surface for joints 
for flat lap-joints. Mand N with ten pins, and 20 tons per 
In conclusion, the attachment of the | square inch for S and T with nine pins. 








ELECTRICAL CONDUCTORS. 
By Mr. W. H. PREECE, F.R.S., M.LC.E. 


From “Iron.” 


Tue first aerial conductors were made | the same area. Age did not seem to affect 
of copper, and the first gutta-percha- its quality, nor did it appear to be in- 
covered wires were of iron; but the posi- fluenced by the currents of electricity 
tions were soon changed, copper being employed for telegraphic purposes. The 
universally used for insulated conduct-| conductors of all cables remained con- 
ors, and iron, until lately, for overhead stant. Lightning was supposed to ren- 
lines. Sir William Thomson detected | der it brittle. The ultimate effect of the 
great variations in the quality of copper, | powerful currents employed for electric 
and Matthiessen detected the causes, | lighting was not yet known. The size of 
and established a standard of purity.|conductors was controlled by commer- 
Such improvements have been made in | cial considerations. Sir William Thom- 
the quality, that copper wire was now | son had laid down the law that should 
twice as good as it was in 1856. In- | control the size of leads for electric light, 
creased speed of working, improved effi-| while that for cables followed strictly 
ciency of apparatus, and reduced waste | theoretical conditions. The best copper 
of energy had followed the great increase | for electrical purposes came from Japan, 
in the purity of the copper. Tempera-| Chili, Australia, and from Lake Superior ; 
ture was a disturbing agent in the con-| but much pure copper was obtained by 
ductivity of the wire. Resistance in-/|electro-deposition, either directly from a 
creased more than 20 per cent. between | solution,, or by using impure copper as 
winter and summer temperatures. Cop- the anode in a depositing bath. Electro- 
per had recently been much used for | deposited copper had not the strength of 
aerial lines, it was less attacked by acids, ordinarily refined copper. The electrical 
and had great durability. Hard-drawn resistance of commercial iron was from 
wire was now produced which had a six to seven times that of copper, but its 
breaking strain of 28 tons on the square | variation, due to the presence of impuri- 
inch, iron wire giving only 22 tons on ' ties, was even greater. The weight of a 



























cylindrical wire one mile in length, and 
giving one ohm resistance at 60° Fabr., 
was called an ohm-mile. While the first 
iron wire was specified to give an ohm- 
mile of 5,500 lb., it was now obtained as 
low as 4,520 ]b., and the maximum resist- 
ance was specified at 4,800 lb. The or- 
dinary best puddled iron was at present 
used only for fencing purposes, but a 
mild English Bessemer steel was largely 
used for railway telegraphs and for 
stays; however, the resistance was very 
high, owing to the presence of man- 
ganese. 

The wire used by the Post Office was 
made from Swedish charcoal iron, with 
an ohm-mile resistance of about 4,520 
Ib. Swedish Bessemer, or a specially 
prepared low-carbon English Bessemer, 
was adopted by the Indian Government, 
with an ohm-mile resistance of about 
5,000 lb. Cast-steel wire, with a break- 
ing weight of about 80 tons to the square 
inch, had been adopted on the Continent 
for telephone currents, with an ohm-mile 
resistance of 8,000 lb., while in England, 
where speed of working was the prime 
consideration, and length of span was 
negligible, electricians were satistied with 
a breaking-strain of 22 tons on the 
square inch; in the colonies, where long 


spans were essential, and speed of work- 
ing was not so important, the specifica- 


tion of 30 tons on the squareinch. ‘lhe 
electrical conductivity of iron wire in- 
creased with the percentage of pure iron, 
except where the percentage of mangan- 
ese was high; an increase in the per- 
centage of manganese augmented the 
electrical resistance considerably more 
than an increase in the percentage of sul- 
phur or phosphorus. The durability of 
iroh wire was maintained by galvanizing. 
When the galvanized wire was to be sus- 
pended in smoky districts it was addi- 
tionally protected by a braided covering, 
well tarred. In some countries galvaniz- 
ing was not resorted to, but dependence 
was placed on simple oiling with boiled 
linseed oil. Such a wire was erected in 
1856 between London and Crewe, but 
the result was very unsatisfactory. More 
recently (1881) the experiment had been 
repeated with a similar result. In this 
climate 
But it was not alone in smoky districts 
that iron wire decayed. It 
much along the seashore. The salt spray 


galvanization was imperative. | 


suffered | 
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decomposed the zine oxide into soluble 


compounds, which were washed away and 
left the iron exposed, and this was speed- 
ily reduced to mere thin red lines. Where 
external decay was not evident time 
seemed to have no apparent effect on iron 
wire. Thirty-nine years of incessant 
service in conveying currents for teleg- 
raphy had not apparently altered the 
molecular structure of the iron wires in 
the open country on the London and 
South-Western Railway. Swedish char- 
coal iron was imported either in bloom or 
in rods, principally in rods. Each rod 
was rolled down to about 0.26 inch in di- 
‘ameter, and weighed on the average 
about 1 ewt. Iron wire could be rolled 
and drawn into coils 0.171 inch in diam- 
‘eter, weighing 400 Ib. and measuring 1 
‘mile; but 110 lb. was about the best 
practical limit for transport and use. ‘The 
Swedish iron owed its value, not only to 
its comparative purity, but to the fact 
that it was smelted and puddled entirely 
with charcoal. ‘The best qualities were 
a mixture of various ores, and they were 
known by various brands, the conditions 
determining those brands being secrets. 
The operation of testing was a most 
important one, and requisite not only for 
the user, but also for the manufacturer. 
Flaws, impurities, faults, notwithstanding 
the grcatest care, would occur, and they 
could be detected only by the most rigid 
examination and tests. Tests were me- 
chanical and electrical. The mechanical 
tests embraced one for breaking strain, 
|another for elongation, and a third for 
resistance to torsion. For hard steel 
wire, in place of the torsion test it was 
usual to specify that the wire should bear 
‘wrapping round its own diameter and 
‘unwrapping again without breaking. The 
electrical test was simply that for resist- 
ance—,\, of a mile of the wire to be ex- 
amined was wound round a dry wooden 
drum, and its electrical resistance was 
taken in ohms by means of a Wheat- 
stone’s bridge. Galvanization was tested 
by dipping in sulphate of copper, and by 
bending or rolling round a bar of vary- 
ing diameter, according to the size of the 
wire. Special machines were constructed 
for the mechanical tests, the condition to 
be fulfilled being that for the breaking 
strain the increasing load or stress should 
be applied uniformly, without jerks or 
jumps, and the elongation machine should 
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correctly register the actual stretch with-| York and Chicago, a distance of 1,000 
out the wire slipping. The resistance to | miles, giving only 1.7 ohm resistance per 
torsion of the wire was determined by|mile. It had a steel core 0.125 inch in 
an ink mark which formed a spiral on the | diameter, and was coated with copper 
wire during torsion, the number of electrolytically to a diameter of 0.25 inch. 
spires indicating the number of twists | It weighed 700 lb. per mile. Hard-drawn 
taken before breaking. ‘The perfection| copper, or silicious bronze of a much 
to which the manufacture of iron wire| lighter character, would be equally effi- 
had been brought was very much due to cient. 

the care bestowed upon the specifications| Phosphor-bronze, the hard mechanical 
by the authorities of the Post Office. | qualities and great resisting powers of 
The standard had been gradually raised, ! which were well known, was introduced 
until it had attained a very high one.|for telegraph wire about five years ago. 
Many administrations objected to the ex-| Several lengths were erected by the 
pense of thorough inspection, with the | Post Office. Two long spans crossed 
result that they were the recipients of| the channel that separated the Mumbles 
the rejected material of those who did| Light house from the headland near 
rigidly inspect. One break in the wire Swansea. The object in view was to ob- 
cost far more than its inspection, and! tain great tensile strength with a power 
one extra ohm per mile affected the) to resist oxidation, especially active where 
earning capacity of the wire in inverse | the wire was exposed tosea spray. This 
proportion. It was, however, necessary|was done in 1879, and in November, 
to remark that the mechanical quality of 1883, not the slightest change was 
charcoal-iron wire sometimes changed noticeable in the wire. But phosphor- 
with time—its electrical quality remain- | bronze, though extensively used, bed 
ing unaffected. Tests repeated at some high electrical resistance; its conducwvy- 
subsequent period might therefore be! ity was only 20 per cent. that of copper. 
deceptive unless allowance were made! Moreover, the phosphor-bronze supplied 
for the effect of time. Bessemer or! was irregular in dimensions and brittle 
homogeneous iron wire as a rule im-|in character. It would not bear bends 
proved in its mechanical properties by | or kinks. A new alloy, silicious bronze, 
being kept in stock. The Post Office | had recently been introduced to remedy 
authorities had decided to abandon a|these disadvantages. Phosphor-bronze 
gauge altogether as applied to conduct-| had disappeared for telegraph wire, and 
ors, and to define size by diameter and| had been replaced by silicious bronze. 
weight. In future, all copper wires| ‘The electric resistance of silicious bronze 
would be known by their diameters in| could be made nearly equal to that of 
“mils,” or thousandths of an inch, and/ copper, but its mechanical strength di- 
all iron wires by their weight in lb. per; minished as its conductivity increased. 
mile. Stee] wire was used for long spans, | Wire, whose resistance equalled 90 per 
or for places where great tensile strength | cent. of pure copper, gave a tensile 
was needed ; but it was for the external | strength of 28 tons on the square inch ; 
strengthening of deep-sea cables that| but when its conductivity was 34 per 
steel wire was principally adopted. It/cent of copper, its strength was 50 tons 
was first employed in the Atlantic cable | on the square inch. Its lightness, com- 
of 1865 for this purpose. It had since bined with its mechanical strength, its 
been generally used for deep-sea cables. high conductivity and indestructibility, 
The usual diameter was 0.099 m., and it rendered it eminently adapted for tele- 
was specified to bear a breaking strain of graphs. If overhead wires were erected 
1,400 lb., which was equivalent to 81)of such a material, upon sight sup- 
tons on the square inch. Steel wire had ports, and with some method, there 
been produced giving a much higher would be an end to the meaningless cru- 
tensile strength. A compound wire of sade now made in some quarters against 
steel and copper was introduced in aerial lines. These, if constructed judi- 
America about 1874, and it had been ex-| ciously, and under proper control, were 
tensively tried in both hemispheres, but | far more efficient than underground lines. 
without success. Recently a compound | Corporations and local authorities should 
wire had been erected between New| control the erection rather than force ad- 
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ministrations to needless expense and to 
reduced efficiency by putting them un- 
derground. Not only did light wires 
hold less snow and less wind, but they 
produced less electrical disturbance, they 
could be rendered noiseless, and they al- 
lowed existing supports to carry a much 
greater number of wires. German-silver 
was employed generally for rheostats, re- 
sistance-coils, and other parts of appara- 
tus in which high resistance was re- 
quired. It consisted of copper four 
parts, nickel two parts, and zine one 
part. It possessed great permanence, 
and the variation in its resistance due to 
changes of temperature was small. The 
effect of age on German-silver was to 
make it brittle. Mr. Willoughby-Smith 
had found a smilar change with age even 
with wire drawn from an alloy of gold 
and silver. The form and character of 
electrical conductors must vary with the 
purposes for which they were intended. 
For submarine cables aad for eiectric- 
light mains, where mechanical strength 
was not required, and where dimensions 
were of the utmost consequence, the con- 
ductors must be constructed of the pur- 
est copper producible, for copper was 
the best practical material at command. 
For aerial lines they must not only have 
great tensile strength, but in these days 
of high-speed apparatus they must have 
high conductivity, low electrostatic capa- 
city, expose to wind and snow the least 
possible surface, and must be practically 
indestructible. Iron had hitherto oceu- 
pied the field, but copper and alloys of 
copper seemed destined in many in- 
stances to supplant that metal, and to 
fulfill all the conditions required in a 
more efficient way, and at no greater 
cost per mile. 
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MERICAN Society oF Civit ENGINEERs, 
November 21, 1883. 

The Society met at 8 p.m., Director Geo. 8. 
Greene, Jr., in the chair, John Bogart, Secre- 
tary. 

A paper by E. H. Keating, M. Am. Soe. 
C. E., upon the Shubenacadie Canal, was read. 

This canal is located between the City of 
Halifax, Nova Scotia, and the Basin of Mines, 
an arm of the Bay of Fundy. It was com- 
menced in 1826, and the intention was to build 
it so as to accommodate vessels drawing 8 feet of 
water, with the idea that at comparatively small 
additional expense it could be used by vessels 
drawing 11 feet. It was to have 15 locks, 87 
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feet in length and 22 feet in width, with a lock- 
age ascending from Halifax of 95 feet 10 inches, 
and descending to the Bay of Fundy of 95 feet 
4inches. The total length is about 54 miles, 
the greater portion of which was to be in the 
Shubenacadie River, and in a chain of lakes 
existing along the line of the canal. 

Mr. Thomas Telford, the celebrated engineer, 
made a very favorable report upon the proposed 
canal and its prospects. Up to the close of 
1831, £72,000 had been expended upon the 
work which was, however, in an entirely uncom- 
pleted state. Some of the locks near Halifax 
had not been commenced, and large and ex- 
pensive work remained to be done upon the 
line of the canal. All the available capital be 
ing exhausted, the works were abandoned and 
fell into ruin, never having been completed on 
the original plan. In 1856, a report was made 
by Mr. W. II. Talcott, C. E., upon a scheme 
for completing the works upon a very much 
smaller scale than at first proposed, subsiituting 
for certain of the locks, an incline plane near 
Halifax, with a lift of 55 feet, and a similar 
plane with a lift of 33 feet at another point. 
The planes to be worked by hydraulic machin- 
ery. This report was adopted, and the work 
was completed in 1862, at a cost of $200,000. 
The diminished canal has, however, proved a 
failure as a commercial enterprise, and since 
1870 no trade of any account has been carried 
on through it. 

There was also presented a description, by 
Charles C. Smith, M. Am. Soc. C. E., of a hy- 
draulic canal built at Minneapolis, Minn,, dur- 
ing the severely cold winter of 1881. This canal 
is under Main Strect, Minneapolis, its entrance 
being at right angles to the street. It iscovered 
with a semi-circular rubble stone arch of 17} 
feet span, and where the line turns the angle of 
90° the abutments of the arch were built of 
curved lines of the radius of 31} and 48} feet. 
The arch was built of rubble masonry of stone 
varying from 4 to 6 inches thick, and from 18 
to 36 inches long; the joints at the soffit being 
slightly hammered off to approximately form 
beds conforming to the radial lines of the arch. 
The mortar was made of one part Louisville 
cement to two parts of sand, and was mixed in 
hot water without salt. During its construc- 
tion the weather was extremely cold, the frost 
having penetrated the ground to the depth of 
six feet. 

Anexamination of this work having been made 
quite recently, it was found to be perfectly 
sound and free from any indication of settle- 
ment or rupture two years after its construc- 
tion. 

A discussion followed by the members pres- 
ent, more particularly in reference to the best 
methods of laying masonry in very cold 
weather, the experience of a number of mem- 
bers being favorable to the use of a strong solu- 
tion of salt in the water with which the mortar 
was made. 

The recent adoption of a system of time 
standards by the railways was discussed, and 
Prof. Julius E. Hilgard, M. Am. Soc. C. E., 
gave a statement as to the measures which were 
in progress in reference to securing a standard 
prime meridian, together with other measures 
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pertaining to the determination of standard involving the removal of more cubic meters 
time by the various nations of the world. This accounts for the total of 100 million 


He also described the results of the recent meters instead of 80. But the first excavations, 
meeting at Rome, Italy, of the Superintendents | according to the engineers, would have cost 
of the Geodetic Surveys of various nations. _| 10f. ameter, whereas the new work will only 

, ae | cost on an average a-third of this sum. The 
pemeneed Saat ay San saeer ene | 100 millions of cubic meters to be removed, 
. : <i : : ’ | with the accessory labor, expenses of adminis- 
nem Vice-President Wm. A. Ingham in the | tration—in short, with everything included, 
‘ be expected to cost in all 500,000,000f. 

Mr. Edward I. H. Howell presented a| W2Y ; Ot 
sketch, based upon his personal observation | eee er ee ee eee the oe 
while in England on a business visit, of the | 4; a tor UE die eee ~ ee eae i 
practice and peculiarities of the English ma-| @cated by M. de Lesseps for the completion of 
chinists, with regard to machine tools | the canal, provided, of course, there is no new 

Me alee euinited specimens of " polished | Miscalculation. It was believed at the outset 
shafting, from 14” to 23" in diameter, cold | that the canal might be ready in 1888, viz., five 
drawn, like wire, but omitted full description, | ¥°°"S- ~— — this calculation became a 
as he expected the inventor to be present at a| certainty. The unexpected fact is reported that 
later meeting |at some sections whither machines had been 

The Secretary read an illustrated paper by | brought to perform the excavations, the negro 
Mr. G. T. Gwilliam, upon the methods of mak- | workmen hired in great numbers merely as hod- 
ioe eek pl asian the wuidtmenen and fen or tac at | men, asked to be allowed to do the excavating 
at atiteiamiom ‘e the Pe enaloaer eeeenter Hes. | themselves, and have, in fact, succeeded in do- 
her ‘ | ing itcheaper. The machines were, therefore, 

The Secretary presented notes, by Mr. John | COP Veyed to another yard. 

J. Hoopes; to illustrate methods of eomputing | ,, = — 
tables by successive additions instead of separ- | ry] ‘HE Se ge ag as of the 
ate calculations. Illustrations are given for the | eciee an ‘ain bee - are g ac > a _ 
first, second, third and fourth powers, triangles | C°5S‘ul'y competed as far as the advance head- 
and circles. ing is concerned, on Tuesday, the 13th ult. 

Mr. John Haug presented illustrated notes | The tunnel proved to be 3 meters shorter than 
upon boiler construction, touching especially had been calculated, and thus the meeting took 
upon what should be shown in drawings and | Place a day sooner than was intended. A simi- 
specifications for boilers. " lar miscalculation in the St. Gothard Tunnel 

Mr. George S. Strong exhibited specimens | WS attributed to the attraction of the mountain. 
of cylindrical ona corrugated flues. The for.| be official ceremony of leveling the rock is to 
mer readily yielded to the pressure of the | ke place on Monday in presence of the Aus- 
fingers, while the latter was trampled upon ‘#0 Minister of Commerce and other dis. 
without injury. | tinguished guests from Austria, Switzerland 

The Secretary read, for Mr. C. J. Hexamer, | and Italy. Another great Alpine highway will 
a description of his experiments upon, with a | ten be preliminarily opened up, just two years 
discussion of the causes of, dust explosion in after the first experimental trip conveyed abont 
mills. Mr. William A. Ingham considered | SiXty passengers—contractors, engineers and 
that some explosions in coal mines are prob- | their friends—through the tunnel of the St. 
ably attributable to the immense quantity of @othard. The new tunnel is 10,270 meters in 
fine dust in the air, and Mr. T. Mellon Rogers, | ¢2gth, while the Mont-Cenis Tunnel is 12,328, 

‘ : ee gers, | he ee a 
in response to Mr. Hexamer’s comments upon | and the St. Gothard 14,900 meters. The first 
the general absence of adjustable rolls in Phil- | took fourteen years and a-half, and the second 
adelphia mills being a common cause of igni- | about eight to bore; the Arlberg Tunnel will 
tion, by the friction of foreign metallic particles | _ peng —_ page — ready to a 
in the stock, spoke of their general use in the | 2 eee Sere Fe ee 

. | mite has been largely used, and the Brandt re- 


Wen. = | volving rock drill has been employed, as well 
as the Ferroux percussion drill. For these 
ENGINEERING NOTES. | drills several streams from the heights of the 


snow-covered Arlberg, were gathered on the 

ry ue Panama Canat.—According to a state- eastern side into reservoirs from which turbines 
ment by M. Dingler, Director-General of | which compressed the air to five atmospheres, 

the Panama Canal work, the amount of earth- | for the Ferroux borers, were worked ; while on 
work will be 100 millions, instead of 80 millions | the western side pumped water was passed 
as previously estimated. These, however, it is| through pipes to the pressure of over a hun- 
now said, will cost less than 80 millions would | dred atmospheres, to work the Brandt revolv- 
have done had the rock expected been met| ing borer, which cuts cylindrical blocks of rock 
with. It is now affirmed that the very hard) from the mountain. The gallery has been 
rock does not exist, and even the hard rock is | driven on a level with the bottom of the future 
much less thick than a survey had indicated. | tunnel, and not on the Belgian system, as was 
The soil being thus much less refractory than | formerly done, on a level with the top. Large 
was originally supposed, the mode of cutting | money premiums were granted for completing 
has been changed. The embankments of the | the work before the stipulated time—in which 
eanal, which in the rocky part would have | premiums the contractors allowed their work- 
been almost like vertical walls, will be -flatter, | men to share, The two halves of the work 
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were allotted on December 21st, 1880, to two 
contractors—Ceconi for the eastern part, and 
the Brothers Lapp for the western side; but 
the piercing of the galleries, effected in the 
beginning by ordinary tools, as the nature of 
the stone did not allow the employment of bor- 
ing machines, had already begun in June, 1880. 
On November 13th and November 17th respect- 
ively, the percussion and the rotating borers 
began their work, which advanced on each side 
at an average of from 5 to 7 meters daily, the 
greatest effort having been achieved in 1882, 
when 3590 meters were bored, while the St. 
Gothard Tunnel had a maximum of boring in 
1878 of only 2530 meters. The whole cost, in- 
cluding the double-tracked railway through the 
tunnel, will not exceed eighteen million florins, 
or one and a-half million pounds, including the 
premium to the contractors for early comple- 
tion; while the cost of the whole railway line 
from Innsbruck, in the Tyrol, to Bludenz, in 
the Austrian province of Vorarlberg, passing 
through the Arlberg Tunnel, will be forty mil- 
lion florins. The third Alpine Tunnel connects 
parts of the same country, and not foreign 
countries as in the case of its forerunners. 
7 New Eppysrone LiGhrHouse.—At the 
meeting of the Institution of Civil En- 
gineers, held on November 27, Mr. Brunlees, 
president, in the chair, a paper was read on 
“The New Eddystone Lighthouse,” by Mr. 
William Tregarthen Douglas, Assoc. M. I. C. E. 
The necessity for the construction of a new 
lighthouse on the Eddystone rocks had arisen 
in consequence of the faulty state of the gneiss 
rock on which Smeaton’s tower was erected, 
and the frequent eclipsing of the light by heavy 
seas during stormy weather. The latter defect 
was of little importance for many years after 
the erection of Smeaton’s lighthouse, when in- 
dividuality had not been given to coast lights ; 
but with the numerous coast and ship lights now 
visible on the seas surrounding this country, a 
reliable distinctive character for every coast 
light had become a necessity. The tower of 
the New Eddystone was a concave elliptic 
frustum, with a diameter of 37 feet at the bot- 
tom, standing on a cylindrical base 44 feet in 
diameter, and 22 feet high, the upper surface 
forming a landing platform 2 feet 6 inches above 
high water. ‘The cylindrical base prevented in 
a great measure the rise of heavy seas to the 
upper part of the tower, and had the further 
advantage of affording a convenient landing 


| wasted. 


platform, thus adding considerably to the op- | 


portunities of relieving the lighthouse. With | 


the exception of the space occupied by the fresh 
water tanks, the tower was solid for 25 feet 6 
inches above high-water spring-tides. At the 


top of the solid portion the wall was 8 feet 6 


inches thick, diminishing to 2 feet 3 inches in 
the thinnest pait of the service room. All the 
stones were dove-tailed both horizontally 
and vertically, as at the Wolf Rock Light- 
house. Each stone of the foundation courses 
was sunk to a depth of not less than one 
foot below the surface of the surrounding rock, 
and"was further secured by two Muntz metal 
bolts 15 inch in diameter, passing through the 
stone and 9 inches into the rock below, the 


top and bottom of each stone being fox-wedged. | hardened one, 1.1 


, 


oo Works 1 Irary.—The irrigation 
system of Italy is probably the most com- 
plete in the world, and still it is constantly be- 
ing increased; it forms a part of the elaborate 
system of defense against floods necessitated by 
the conformation of the northern provinces. 
According to the latest official statistics the irri- 
gation canals of Piedmont alone give 125,550 
gallons per second, distributed over 1,340,000 
acres; and those of Lombardy 35,355 gallons 
per second, distributed over 1,680,400 acres. 
These great works have not been, comparatively 
speaking, expensive. The Cavour canal, con- 
structed within the last few years draws its 
supply from the rivers Po and Dora Baltea. It 
gives a flow of 29,200 gallons per second, waters 
nearly 40,000 acres, and cost £1,600,000, about 
£32,200 per mile. It was constructed in four 
years, and measures are now under considera 
tion for increasing its debit by 5,300 gallons per 
second. A smaller canal subsidiary to it, 
gives 18,540 gallons per second, and cost 
£24,154 per mile. The largest canals are 
the Cavour and its subsidiary canal just 
mentioned; the Muzza, Agliano, and Naviglio 
Grand. The smaller of these gives 13,200 gal- 
lons per second. Below this point the canals 
become very numerous, and interspersed all 
over the country. These canals are not only 
used for purposes of irrigation, but also to sup- 
ply motive power, by which again the water is 
raised to districts lying upon a higher level. On 
the steep slope of the Dora Baltea, not far from 
Turin, three canals (the Torea, Agliano, and 
Rotho) flow parallel to each other, on different 
levels, while the water is used at the top of the 
hill, 62 feet above the highest of them. The 
arrangement adopted is as follows: A stream 
of 154 gallons per second is diverted from the 
Torea canal and carried down the hill in a lead- 
en pipe until it meets the Agliano canal. Here 
it is pumped up to the summit level by 
eight pumps, worked by four turbines driven 
by a fall of water taken from the Agliano 
canal, and allowed to flow down into the 
Rotho. By joining this latter it is used 
for irrigation, and thus not a_ drop is 
The great principle of Italian en- 
gineers is to work on a large scale, thus attain- 


/ing at the same time efficiency and economy, 


and avoiding constant alterations and additions; 
and it is by such means that the extraordinary 
fertility of Northern Italy is produced and main- 
tained. 
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()* THE ConpiTions IN Wauicn Carson Ex- 

ists IN SteEL.—Abel and Deering have 
made a series of experiments in the hope of 
obtaining information on the condition in 
which carbon exists in steel as it is left by the 
cold-rolling, as well asin its hardened, annealed, 
and intermediate conditions. Two series of 
experiments were made. In the first series the 
steel was in the form of 12 disks 2.5 inches in 
diameter, and 0.01 inch thick, each weighing 
about 6.5 grams. In one disk, hardened, the 
silicon was determined to be 0.20 per cent. A 
cold-rolled disk gave 1.108 total carbon, a 
; an annealed inside disk 
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0.924, and a similar outside one, 0.860. Three 
disks were used for estimating the so-called un- 
combined carbon, by gently heating them for 
three hours in 100ce of hydrochloric acid of sp. 
gr. 1.10. The cold-rolled one left 0.096, the 
annealed inside one 0.052, and the hardened 
one 0.035 percent. carbon. Three others were 
placed in a cold saturated solution of potas- 
sium dichromate acidulated with ,', of sul- 
phuric acid, being supported on sieves of 
platinum gauze. The cold-rolled, the annealed 
and the hardened disk each left a small quan- 
tity of black particles which appeared spangly 
under the microscope, and which were at- 
tracted by the magnet. Upon analysis the 
particles from the cold-rolled disk gave 1.039 
per cent. carbon, and 5.87 per cent. of iron: 
those from the annealed outside disk 0.830 and 
4.74, and those from the hardened disk 0.178 
and 0.70: calculated on the total weight of the 
disks. Thus the chromic acid treatment has 
left nearly the whole of the carbon from the 
cold-rolled and the annealed disks in the 
form of a carbon-iron compound corresponding 
closely to the formule Fe,C;. But, on the 
other hand, in the case of the hardened disk 
only about one-sixth of the total carbon was 
left undissolved by the chromie treatment. The 
last disk was submitted to the action of a 
chromic solution containing a large excess of 
sulphuric acid. The black residue gave on 
analysis 0.84 carbon, and 1.104 iron, showing 
that the carbide had broken down. To study 
the carbon-iron compound more carefully, and 
especially to learn (1) whether it is independent 
of the strength of the chromic solution, (2) 
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Jacques, at Montlucon, confirmatory of the re- 
sults already presented by Mr. Dumas in the 
name of Mr. Clémandot, that in compressed 
steel there was an increased hardness as com- 
pared with uncompressed. Further results 
have been obtained. Steels have been analyzed, 
compressed, and uncompressed, containing 
different proportions of carbon. The proportion 
of combined carbon, as regards the total car- 
bon, has always been found to be greater in the 
compressed as compared with the non-com- 
pressed steels. The experiments were made on 
elongated shot, the samples being taken from 
four different points in the depth, and the com- 
bined carbon was tested by the Eggertz pro- 
cess, and the total carbon by Boussingault’s. 
The comparative results are so constant that 
one table of results will suffice : 
Compressed. Uncompressed. 
Carbon, total per cent, 0.70 0.70 
Combined carbon at A 0.60 ) 0.49 } 
B 0.59 | Mean 0.50 | Mean 
C 0.55 | 0.585 0.47 ( 0.49 


D 0.60 } 0.50 | 

Free carbon by difference 0.115 0.21 
Thus the compressed steel lias more com- 

bined and less uncombined carbun. The same 
results were obtained by sudden cooling in the 
ordinary manner of hardening. Ience com- 
pression produces the same physical effects as 
sudden cooling in steels. 

apo -— 


RAILWAY NOTES. 





whether the percentage of carbide in the steel 
is constant, and (3) how much of its carbon re- | 
mains unconverted into hydrocarbons upon | 
treatment with hot hydrochloric acid, a second 
series of experiments was made. The steel 





Raitroap i Pa.estine.—The first rail- 
L road in Palestine is being laid out, and 
the preliminary survey has been completed as 
far as the Jordan. It is to be run between Acre 


used was in the form of a thin sheet 0.008 | and Damascus, and is called the Hamidé line, 


inches thick, weighing 175 grams, cold-rolled 
from an ingot melted from cemented blister 


being named after the Sultan Abdul Hamid, and 
probably one reason why the firman has been 





steel. On analysis it contained 1.144 carbon, | eranted so easily lies in the fact that it passes 


0.166 silicon, and 0.104 manganese. Four ex- 
periments were made, from 7 to 7.5 grams of 
steel being used in each, the strength of the 
chromic solution varying. The results seem to 
show that the material separated from cold- 
rolled steel by the action of chromic and sul- 
phuric acid below a certain strength contains 
an iron carbide approximating to the formula 
Fe,C or its multiple. ence these experiments 
appear to sustain the view that the carbon in 
this steel is not simply diffused mechanically 
through the mass of steel, but exists in the 
form of an iron carbide, a definite product 
capable of resisting the oxidizing effect of an 
agent which exerts a rapid solvent action upon 
the iron through which the carbide is distrib- 
uted. Future experiments must decide 
whether the carbide varies in its composition in 
different descriptions of steel similarly treated, 
though the experiments above given suggest 
that hardening diminishes the power of the car- 
bide to resist the decomposing effect of the 
chromic solution. 
( )* tne Errecrs oF COMPRESSION ON THE 
FJ Harpyess or Steet.—By M. Lan.—Ex- 
periments were made at the ironworks of Saint 





| through a great extent of property which he has 
{recently acquired to the east of the plain of 
| Esdraclon. The concession is held by ten or 
| twelve gentlemen, some of whom are Moslem 

| and some Christians, but all are Ottoman subjects 
| resident in Syria. Among the most influential 
are the Messrs. Sursock, bankers, who own thc 
greater part of the plain of Esdraelon, and who 
have therefore, a large interest in the success of 
the line. 

Starting from Acre, it will follow the curve of 
the bay for ten miles, in a southerly direction, 
at a distance of about two miles from the beach. 
| Crossing the Kishon by a 60 foot bridge, it will 
' turn east at the junction of a short branch line, 
two miles long, at Haifa. Hugging the foot of 
the Carmel Range, so as to avoid the Kishon 
marshes, it will pass through the gorge which 
separates that mountain from the lower range’s 
of the Galilee Hills, and debouch in the plain 
of Esdraelon. This plain it will traverse in its 
entire length. The station of Nazareth will be 
distant about twelve miles from that town; there 
may, however, be a short branch to the foot of 
the hills. So farthere has only been a rise from 
the sea level in twenty miles of 210ft., so that 
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the grade is imperceptible, It now crosses the 


watershed and commences to descend across 

the plains of Jezreel to the valley of the Jordan. 

Here the Wady Jalud offers an easy incline as 

far as Beisan, the ancient Bethshan, and every 

mile of the country it has traversed so far is pri- 
vate property, and fairly cultivated. 


At Beisan it enters upon a region which has, 
partly owing to malaria and partly to its insecur- 
ity, been abandoned to the Arabs, but it is the 
track of all others which the passage of a rail- 
way is least likely to transfigure, for the abun. 
dance of the water, which is now allowed to 
stagnate in marshes, and which causes its un- 
healthiness, is destined to attract attention to its 
great fertility and natural advantages, which 
would, with proper drainage, render it the most 
profitable region in Palestine. Owing to the 
elevation of the springs, which send their copi- 
ous streams across the site of Beisan, the rich 
plain which descends to the Jordan, 500ft. be- 
low, can be abundantly irrigated. There is a 
little bit of engineering required to carry the 
line down to the valley of the Jordan, here 800ft. 
below the level of the sea, which is then followed 
as far north as the Djisr el Medjomich. 

Near this ancient Roman bridge of three 
arches, which is used to this day by the cara- 
vans of camels which bring the produce of the 
Hauran to the coast, the new railway bridge 
will cross the Jordan, probably the only one in 
the world which will have for its neighbor an 
actual bridge in use which was built by the 
Romans, thus, in this now semi-barbarous coun- 
try, bringing into close contact an ancient and 
a modern civilization. After crossing the Jor- 
dan the line will follow the banks of that river 
to its junction with the Yarmuk, which it will 
also cross, and then traverse a fertile plain of 
rich alluvium, about five miles long and four 
wide, to the banks of the ridge which overlooks 
the eastern margin of the Sea of Tiberias. This 
is the extent to which the survey has been com- 
pleted. 

It is not decided whether to rise from the 
valley by the ridge which overlooks the Yarmuk, 
or to follow the east shore of the Lake of Ti- 
berias to the Wady Semakh, which offers great 
advantages for a grade by which to ascend 
nearly 5,000ft. in about fifteen miles. This is 
the toughest bit of engineering on the line, and 
is in close proximity to the steep piace down 
which the swine possessed by the devils are 
said to have rushed into the sea. Once on the 
plateau, it will traverse the magnificent pasture 
lands of Jaulan and the grain growing coun- 
try of Hauran, with probably a short branch 
to Mezrib, which is the principal grain empo- 
rium, and one of the most important halting 
places on the great pilgrimage road from Da- 
mascus to Mecca. It is calculated that the trans- 
port of grain alone from this region to the coast 
will suftice to pay a large dividend upon the 
capital required for the construction 
road, which will be about 130 miles in length. 
The grantees have also secured the right to “put 
steam tugs upon the Lake of Tiberias, and un- 
der the influence of this new means of transport- 
ation, 
formation. 


of the | 


the desolate shores will undergo trans- | 
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PuBLications RECEIVED. 
7 Magazine of American History. Edited 
by Mrs. J. Lamb. 

Third Annual Report of the United States 
Geological Survey. By J. W. Powell, Direct- 
or. 

Proceedings of the 
gineers. Iron and Steel in Tension, 
sion Bending, Torsion and Shear. By Percy 
Vavasseur Appleby, stud., Inst. C. E. 

Abstracts of Papers in Foreign Transactions 
and Periodicals. 

Monthly Weather Review 
Washington: Signal Office. 

The Elements of Military 

Part I. By Major J. W. Buxton. 
| Kegan Paul, Trench & Co. 
' The title of this book sufticiently explains 
its scope to the military profession. The divi- 
sions of the subject are somewhat intricate, 
doubtless necessarily so. The five chapters 
which form this part are : 

Chap. I. Introductory: Chap. II., The War 
Office and Central Administrative Department : 
Chap. IIL, District Administration; Chap. 

7., Regimental Administration; Chap. V.. 
Conclusion of First Part. 

The second, third, and fourth chapters are 
subdivided three times into numbered and let- 
tered sections. 

The treatise bears marks of careful and pa- 
tient labor. 


Institution of Civil En- 
Compres- 


for October. 
Administration. 
London: 


| peace Law: Ivs Procepure anp Prac- 
1 wick. By Major Sisson C. Pratt, R. A. 
London: Kegan Paul, Trench & Co. 

This is the fifth volume of the Military Hand 
Book Series. The editor of the series, Colonel 
C. B. Brackenbury, says of the present manu 
al: ‘It has been compiled by an acknowledged 
authority on the subject, in order to aid officers 
and non-commissioned officers in overcoming 
the many difficulties which attend the study of 
the legal part of their profession. It must be 
looked upon as an aid to, and not a substitute 
for the ordinary legal code.” 

The whole subject is presented in twenty- 
seven chapters, which are subdivided int 
numbered paragraphs. 

MAGNETISM, AND ELecrre 

By Thomas PD. Lock 
D. Van Nostrand.  Prie 


| . LECTRICITY, 

Vy Triecrarny. 
wood. New York : 
#2.50. 

The advance sheets of this book 
available at the moment of reviewing. 

The author, with a full comprehension of 

what is already published upon these subjects. 
and with a thorough appreciation of what s 
learner, who is inclined to be practical, desire 
to know, has set forth the elementary prin 
ciples of electrical science in a manner easily 
| comprehended by an unscientific reader. 
The work is not offered as a substitute for 
books as, Fleeming Jenkins’ Electricity 
and Magnetism, and Culley’s Hand-Book of 
| Practical Telegraphy, but as an aid to the 
| learner in comprehending them. 

The catechism method has been employed 
throughout; the principle or fact to be ex- 


ure alone 





} such 
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plained is demanded in the form of a brief 
question, which is immediately answered in 
that direct and concise way which this plan ot 
presenting truths demands. 

An author who constantly maintains the at- 
titude of answering the questions of a learner 
is bound to avoid wearying his pupil by prolix- 
ity. The learner will have no cause to com- 
plain here. The elucidations are all brief, but 
suflicient for the proposed object. The stu- 
dent who is possessed of but a small stock of 
scientific knowledge may become quite famil- 
iar with the theory and practice of telegraphy. 


re or THE New York Strate SuRVEY 
FOR THE YEAR 1882. By James T. Gard- 
ner, Director. Albany: Weed, Parsons & Co. 

All engineers who are interested in accurate 
methods of surveying must surely regard with 
interest the progress of this survey. 

The brief text of the present report makes 
mention of the fact that on account of the 
unsteadiness of the air in the day time between 
8a. M.and 4 p. M., night signaling has been 
resorted to. This has been done by quite inex- 
pensive apparatus, and in the opinion of the 
Director promises to give even for distances of 
forty or fifty miles satisfactory results. 

Large additions have been made to the geo- 
graphical locations, and to the list of elevations 
of stations. 


os iN THEORY AND PRACTIOE, OR 
j THE ELEMENts oF EvecrricaL ENGINEER- 
inG. By Lieut. Bradley A. Fiske, U.S. N. 
New York: D. Van Nostrand, publisher. 


(Abstract from Electrical Review.) 


We are constantly in the receipt of letters 
from all parts of the country asking us to ex- 
plain the theory of this or that application of 
electricity. Many of these come from persons 
whom we would really like to accommodate. 
Unfortunately for us, however, there are but 
seven days, of which one is usually a day of 
rest, and the space of a newspaper, like the 
duration of human existence, is limited. We 
are, therefore, not always able to satisfy those 
who are, perhaps, not inclined to be pleased, 
since we are not always able to satisfy our- 
selves. 

This being the case, we were not a little 
gratified, as we turned from page to page of a 
recent production, in which the theory and 
practice of electrical engineering go, as one 
might say, hand-in-hand, and where neither are 
administrated ad nauseam. Its author, Mr. 
Bradley Fiske, is a conscientious, able work- 
man, and we cordially recommend his work to 
the attention of the multitude of ambitious and 
ingenious electricians and amateurs through- 
out the country, who are not so fortunate as to 
possess a theoretical education. 

Like many objects which are shown us as 
evidences of the handiwork of remote ages, the 
theories, which from time to time are presented 
to us, as explanatory of certain natural laws, 
are apt to mislead us, unless we have confi- 
dence in those who introduce them. 

There are those who form theories before the 
evidence is all in, and having once made up 
their minds are wont to look upon the very evi- 





dence, which should have served to set them 
right, as a corroboration of the fallacy which 
they have adopted as the truth. The evil done 
by such persons is incalculable ; it misleads the 
unskilled, casts a doubt upon the work of in- 
telligent thinkers, and adds still further to the 
number, already very large, of inaccurate text- 
books. 

Judging from the work before us, the author 
is one of those men, unhappily somewhat rare, 
who are by no means quick to accept theories 
unless well sustained, and only then after care- 
ful examination. The caution and lack of pre- 
cipitation, which is evinced where dangerous 
ground is trodden, is at once his best recom- 
mendation and the student’s safeguard. 

A portion of the work is, as its title indicates, 
rudimentary ; but we think it all the more valu- 
able on that account. Those who have ex- 
perience with electricians and mechanics are 
aware how inaccurate is technical information 
many of these possess, and need not be told 
that some of them know little of the theory of 
their work. Such persons have here in com- 
pact form and regular order a large amount of 
theoretical information concerning the most 
recent electrical work of the day. 

We have heard professors in the colleges 
hereabouts expatiate for hours upon electrical 
themes of the last century, whilst the major 
portion of their audience sunk into pleasant 
slumbers, and the lesser went out to sleep un- 
der the trees where it was cooler. Had they 
had such a book as this before them, they could 
have so interested their audience, that it would 
have been very glad to remain awake. 

If you want to go through any of the old 
and white-haired electrical tricks with amber 
and gutta-percha and friction machines, and 
frogs’ legs, &c., you needn’t look in this book. 
It is devoted to other purposes. Again, we have 
seen some books, containing valuable informa- 
tion, too, such as the ‘‘ Linear Algebra,” and 
the like, which, to a certain extent fail of their 
object because they are not sufficiently explana- 
tory and clear. A man who has made mathe- 
matics a life’s study, and talking to another 
with a similar contempt for life’s objects, may 
not unreasonably begin in the middle of a com- 
plex explanation with the remark, ‘‘It is ob- 
vious that the nth power ” of so and so is equal 
to so and so; but when he is addressing a mis- 
cellaneous audience, composed of but indiffer- 
ent mathematicians, he should know that the 
computation is obvious only to himself. 

Fortunately for the reader, Mr. Fiske has 
not the bad habit of presupposing in his aud- 
itor an experienced and skillful electrician ; 
but takes the trouble to explain the theory care- 
fully and lucidly as he goes along, and one has 
not to read far to discover that he is thoroughly 
familiar with that which he essays to de- 
scribe. 

Passing over the more elementary chapters 
in which magnetism, frictional electricity, work 
and potential voltaic batteries, and the laws of 
currents are dwelt upon, we come toa chapter 
on secondary or storage batteries, in the ex- 
planation of which we could have wished the 
author had devoted more space. For the pos- 
sibilities of the secondary battery are very 
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great; many able men are devoting themselves 
towards lessening their defects, and the small 
successes which from time to time are recorded, 
would indicate that the secondary battery of 
to-day bears about as much resemblance to the 
future secondary battery as the bladder which 
Dr. Clayton used as a gas-holder in 1688 does 
to the gasometer of city gas works, or as James 
Watt’s crude engine does to the Atlantic 
steamer. 

We are not surprised to find that Mr. Fiske 
devotes much space to that very important and 
often neglected department of electrical science, 
measurement. Nor are we surprised to find 
that he treats the subject skillfully. We have, 
if we are not very much mistaken, seen some 
work of this kind before in ‘‘ Van Nostrand’s 
Engineering Magazine,” which had his name 
appended ; work which, if Mr. Fiske is, as we 
suppose, commencing his career, promises a 
position in that part of the profession which in 
this country has never yet been known to be 
crowded, viz., the top. Sofar as we could see, 
the author makes no attempt to devise new 
methods of measurement, but wisely contents 
himself with giving clearly and succinctly the 
theories upon which those in vogue are 
founded. 

While there is absolutely nothing new in the 
author’s ‘‘Measurement of Electrical Resist- 





ance,” we do not remember ever to have seen | 
the measurement so clearly demonstrated in so | 
few words, and where a tangent or sine gal- 
vanometer is used his explanatory formule, | 
considering how complex they might have | 
been made, are models of neatness. 

The paragraph following the title, ‘ Limit | 
to Telephonic Transmission,” is like all the | 
theoretical handiwork of the author, lucid and 
to the point; but it is to be regretted that Mr. | 
Fiske, who seems to be an adept in the matter, | 


It is not necessary that one should be a parti- 
san in order to renderunto each man his own; 
a just man can allow the claims even of his 
bitterest foe, and openly deny the claims of his 
nearest friend as opposed to them. 

Mr. Fiske seems to espouse the cause of one 
who, though making some valuable improve- 
ments in the telephone could not even by his 
firmest ally be credited with having invented 
it; but when he finds that another man, many 
years ago, made some only partially successful 
experiments in incandescence lighting, he 
seems inclined to disallow the claims of one 
who has made a tangible success out of a little 
more than a crude conception. 

We are sure that this is not intentional, but 
we speak of the effect Mr. Fiske’s book is 
likely to produce in the mind of the public 
reader, who is inclined to adopt the opinions 
contained in the books he reads. 

Under the heading, *‘ Electrical Efficiency of 
Machines,” Mr. Fiske gives some interesting 
and valuable formule, and as these seem the 
most direct way of ascertaining the electrical 
efficiency of machines, they are likely to prove 
of service to all working electricians. 


———_eg>e—_—_— 
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HE Course OF ELECTRICAL ENGINEERING AT 
CorneL_t University.—It was announced 
last spring that Cornell University would, at the 
opening of the fali term, receive students for a 
course of instruction in electrical engineering. 
The requirements of admission are the same 
as to the other technical courses, civil and me- 
chanical engineering, etc., that have been so 
long established, viz.: algebra and geometry, 
in addition to the common English branches. 
The course in the university includes the 
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| higher mathematics, the French or German lan- 
| guage, rhetoric, descriptive geometry and me- 
| chanical drawing, physics, chemistry, the steam 
|engine and other motors, besides the special 
| work in electricity, which constitutes the special 


did not dwell longer on this point, and since 
this work is likely to find much favor, as well 
with the public reader as with the practical 
engineer, he had opened to him a fine oppor- 
tunity to disabuse the public of the prevalent 


idea that the telephone is about to supersede 
the telegraph in long-distance transmission, | 
which, outside the laboratory, is not likely to 
be the case. 

In treating the incandescence system of elec- 
trical lighting, we think Mr. Fiske has, unin- | 
tentionally, of course, done grave injustice to | 
the man who, in these later days, succeeded, 
after nights and days of toil, in perfecting a 
mechanism which should make incandescent 
lamps of small intensity a practical success. 
The credit he gives to Star is just, but the im- | 
pression he gives that the modern incandes- 
cence lamp is but an adaptation of the me- 
chanism put together by Star outside of the 
use of carbon in a vacuum, will not stand the 
test of a comparison. Again, such persons as 
Lane-Fox, who made an alleged improvement | 
in something he had no headline thinking out, 
should not be mentioned in the same breath | 
with the man whose property they have | 
filched, any more than in speaking of a high-| 


wayman and his victim we should say, ‘‘ these | 


two gentlemen differ as to who is the rightful | 


owner of the loot.” 


features of the course. 
The instruction in electricity includes the use 
of all the instruments employed in making elec- 


| trical measurements, with the means employed 


in testing their accuracy, and determining their 
constants; the construction and testing of tele- 
graph instruments ; the methods of testing tele- 


| graph lines and cables; the theory, construction, 
| and testing of dynamo machines; the study of 
| the different systems of electric lightning, etc., 


ete. 

The course is designed to give a thoroughly 
practical, combined with a theoretical training, 
and the electrical engineer will find use for 


| every subject named. The higher mathematics 


and pure sciences will be found of especial im- 
portance, now in the infancy of the applications 
of electricity, when so much is in the tentative 
stage. 

The facilities for this institution at Cornell 
are of the best. A large new building has just 
been completed, in which are several rooms 
specially equipped for electrical tests and meas- 
urements. All the important instruments for 
measurements are provided. Dynamomachines 





88 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





and systems of electric lighting are in practical 
operation in the building, and, as far as possible, 
all the applications of electricity are exemplified. 

The student spends a considerable portion of 
his time in the laboratory, making experiments 
with various instruments. He determines the 
laws and constants of galvanometers ; measures 
the resistances of various conductors ; measures 
the currents used for electric lights ; determines 
the energy expended in charging, and that de- 
veloped in discharging storage batteries ; deter- 
mines the efficiency of machines and motors; 
in short, does exactly what the engineer needs 
to do in the factory or office. 


ryX\ur Merroro.oGicaL Socizry.—Cioup Ob. 

SERVATIONS.—At a meeting of the Meteoro- 
logical Society, the Hon. F. A. Rollo Russell, 
M.A., read a paper upon ‘Cirrus and Cirro- 
Cumulus.” By way of preface to some of his 
remarks, we may state that the attention of 
meteorologists is now being seriously drawn to 
the phenomena presented by the higher clouds, 
it having been discovered that they often afford 
trustworthy clues to the nature of coming 
weather. Asa celebrated example it may be 
mentioned that the Rev. Mr. Ley, who is an 
authority on the subject, one fine bank holiday 
happened to be in London, and noticing certain 
indications given by the upper clouds, he tele- 
graphed from the Strand to Mr. Robert Scott, 
of the Meteorological Office, ‘‘ Heavy thunder- 
storm ordered for four o’clock this afternoon,” 
and surely enough at four o’clock a thunder- 
storm of the heaviest type was crashing over 
London. One reason why cirrus clouds give 
early indications of approaching changes in the 
weather is that the axis of a cyclone is not ver- 
tical, but the upper part is inclined in the direc- 
tion in which the whole cylone is moving, con- 
sequently it sometimes affects the upper clouds 
before the influence of the cyclone is felt at cer- 
tain places on the earth below, from which 
these clouds are within view. 

Mr. Rollo Russell said that next to frequent 
readings of the barometer and a knowledge of 
the distribution of atmospheric pressure, cloud 
observations, especially of cirrus, were of great 
use in forecasting the state of the weather. 
Cirrus is generally supposed to float at heights 
varying from 16,000 ft. to 40,000 ft., and more; 
but according to Mr. Glaisher’s balloon obser- 
vations, the height may probably be sometimes 
more than fifteen miles. It is not easy to defin- 
itely describe cirrus. Its appearance suggests 
electrical influence in the determination of form; 
it is the only cloud which presents angular 
forms and nearly parallel threads, apparently 
kept apart from each other by repulsion; it is 
the only cloud which is not normally rounded 
in outline, and which is sometimes composed 
of striz nearly at right angles to each other. It 
is also the only cloud which sometimes appears 
to radiate from a point near the horizon, thus 
showing that the lines are parallel to each other, 
and their real length in their apparent direc- 
tion. 

The speaker then proceeded to classify the 
cirrus clouds observed by him during the last 
eighteen years, chiefly in the neighborhood ot 
London and theSouthof England. He divided 





them into twelve classes, and in some cases 
stated what kind of coming weather the pres- 
ence of one or other of the forms of cirrus indi- 
cated. He said that “bar or ribbed cirrus,” 
though somewhat uncommon, is at least equal 
in value to the falling barometer as a danger 
signal; it consists of nearly parallel bars of 
dense cirrus, separated by intervals through 
which the sky is visible; sometimes this form 
is so developed as to remind the observer of a 
gridiron. his kind of cirrus generally gives 
from twelve to forty-eight hours’ notice of an 
approaching storm. 

Mr. Russell then argued that the Government 
should incur some little expense in establishing 
daily cirrus observations. He stated that a 
great and terrible loss of life occurred on the 
east coast in the storm of the 14th of October, 
1881, and as this storm was traveling with 
great rapidity, and broke upon the west coast 
during the night, when the office was closed, a 
warning from London was out of the ques- 
tion. The barometer had sunk to a low point 
on the Berwickshire coast when the fishermen 
went out, but this warning seems to have been 
altogether neglected on the spot. 

The cirrus observed on the 13th of October 
gave earlier information than the barometer of 
the coming storm, and with a regular system all 
the ports might have received warning on the 
afternoon of the 13th. It may be stated gener- 
ally, he said, that cirrus of a long, straight, 
feathery kind, with soft edges and outlines, or 
with soft delicate colors at sunset and sunrise, 
is a sign of fine weather. Curly wisps and 
blown back pieces are not a bad sign, but their 
exact appearance should be noted, the rapidity 
of their movement, and the definiteness of their 
outlines. When the tails are turned downwards, 
fair weather or slight showers often follow. 
Misty, confused, and curdled cirrus should be 
carefully noted, but does not always foretell bad 
weather. The harder and more distinct in 
outline, and the more particular forms are re- 
peated, the worse the result. Long, hard, greasy- 
looking streaks, with rounded edges or knobs, 
whether crossed with fibres at right angles or 
not, are a sign of storms; but the storm may 
pass at some distance from the point of obser- 
vation. Cottony shreds, either by themselves 
or detached from a long streak, rounded and 
clear in outline, something between cirrus and 
cirro-cumulus, indicate dangerous disturbances. 
Regular wavy tufts, with or without cross-lines, 
are bad, especially if the tufts end not in fibres, 
but in rounded knobs. Feathery cirrus in thick 
patches at equal distances apart is a sign of a 
storm, or any appearance of definite waves of 
alternate sky and cloud. So is any regular repe- 
tition of the same form. Slightly undulating 
lines of cirrus occur in fine weather, but any- 
thing like a deeply indented outline prcedes 
heavy rain or wind. Cirrus simply twisted or 
in zigzag lines of a fibrous character often ap- 
pears in fine weather, andif not hard or knotted 
or clearly marked off from a serene sky, does 
not often precede any important change; but 
detached patches, like little masses of wool or 
knotted feathers, in a clear sky and of unusual 
figure, moving at more than the average rate, 
precede disturbances of great magnitude. 





